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THE BASIC RESEARCH PROGRAM: IDENTIFYING
NEW AND PROMISING TECHNOLOGIES

The Basic Research Unit (BRU) research program focuses on providing the basic
research underpinnings for the personnel, leader development, and training requirements of the
future. This program is a critical link between the world of behavioral science and the military
community. Searching out and advancing the state-of-the-art methods, theories, and findings in
behavioral science; encouraging projects most likely to contribute generalizable scientific
principles and new knowledge; and supporting those efforts that have potential military
relevance and likelihood of leading to applied behavioral technology are BRU’s key research

goals.

Universities conduct most of the basic research in the program. BRU maintains close
contact with other basic behavioral science research organizations as well as with ARI’s applied
researchers, other relevant agencies within the Army, and other military services. These contacts
help to define issues that require fundamental research and facilitate the transition of basic
research results to applied programs for eventual use by the operational Army.

In BRU’s contract programs, a Broad Agency Announcement (BAA) is issued each year
to solicit both concept papers and formal proposals relating to the announced program research
areas. In a given year, the BAA highlights the research objectives of special interest and provides

an open call for proposals.

On the following pages, the reader will find summaries of current and recently completed
BRU contracts, which began between 2001 and 2005. There are three current BRU program
objectives, each of which is discussed in detail below. These objectives

1. To provide fundamental knowledge to improve training in complex environments;

2. To provide fundamental knowledge to improve leader and team performance; and

3. To provide fundamental knowledge for identifying, assessing, and assigning quality
personnel in the evolving Army.

Training in Complex Environments

Basic research in this area focuses on developing concepts and methods for training
complex tasks and for sustaining complex task performance. Assessing the cognitive impact of
technology requirements arising from digital, semi-automated, and robotic systems on training
requirements is also part of this process. One of the efforts in this area seeks to find conditions
that simultaneously optimize learning, memory, and transfer of training. We seek to identify
unique training principles and methods for improving interpersonal skills and team adaptability
and performance. The expected outcome is applied research testing the principles and methods
produced in this work package in Army training environments. The models and theories
produced should be useful in accounting for individual differences in training and facilitating
practical, individualized, adaptive training methods. Another effort, for example, centers on the
characteristics of learners and the training enviornment that lead to either facilitative or
inhibiting effects of seductive details embedded within the training materials, while another



addresses team learning from a distance under a variety of contexts. These advances will
translate into improved training methods in a wide range of tasks.

Improving Leader and Team Performance

Commensurate with the requirements for rapidly developing adaptable, flexible leaders,
the basic research program in improving leader performance is directed toward providing
concepts and methods for accelerating leader development and understanding and developing
leader adaptability and flexibility in a manner that can be tested in the applied environment. One
of our efforts is focused on developing both adaptive leaders and teams through formal
instruction, developmental work assignments, and self-development. We are also committed to
discovering and testing the basic cognitive principles that underlie effective leader-team
performance. Another effort examines predictors of adaptive performance and the development
of team leadership behaviors under the stress of performing in a metropolitan hospital shock
trauma center and in the laboratory. We anticipate that results from this research will make an
important contribution to understanding and improving organizational effectiveness.

Quality Personnel for the Evolving Army

Identifying and measuring the aptitudes and skills that are unique to the human
performance requirements of military service is a major theme of this basic research effort. As
part of this process, we seek to devise methods that assess mental flexibility and adaptability,
describe how these attributes develop, and measure their contribution to performance and job
tenure. For example, one of our efforts seeks new ways to conceptualize and assess individual
mental flexibility since mental flexibility plays a critical role in the successful application of the
mental processes needed for adapting to, selecting, and shaping the environment in novel
situations. Exploring the sociological and psychological factors that could influence recruitment,
retention, and performance is part of the work in this area as well. Another effort is concerned
with developing a valid, culture-fair test of intelligence that could be applied in selection and
placement. Applied research that builds the understanding of the cognitive processes entailed in
flexible thinking can be used to identify those who are flexible, adaptable thinkers and to develop
these skills through effective instructional programs that facilitate the use of flexible thinking
strategies in a variety of contexts.

This document provides a listing and brief synopsis of ongoing and recently completed
research efforts. Project listings are organized into the three aforementioned research objectives.
It is important to note, however, that basic research is but one of many programs for which BRU

has responsibility.
Other programs in BRU include:

Small Business Innovative Research (SBIR) Program;

Small Business Technology Transfer (STTR) Program;

International Behavioral Science and Technology Watch;

Graduate student apprenticeship program — the Consortium Research Fellows Program
with the Consortium of Metropolitan Washington Universities; and

ro



e Outreach efforts to Historically Black Colleges and Universities (HBCUs) and Minority
Institutions (MIs), and research support in behavioral science for the U.S. Military

Academy.

Additional information about reports from these research efforts is available upon
request.

Paul A. Gade, Chief,
Basic Research Unit

Tiffany M. Bludau, Consortium Fellow,
Basic Research Unit



BRU RESEARCH OBJECTIVE #1: PROVIDE
FUNDAMENTAL KNOWLEDGE TO IMPROVE TRAINING
IN COMPLEX ENVIRONMENTS

Research under this objective develops concepts and methods for
training complex tasks and sustaining complex task performance. The focus
is on understanding the cognitive impact of Future Force technology on
training requirements, the impact of voluminous multi-modal data on
performance, and developing methods for improving cognitive skills.



Factors Influencing the Design and Conduct
of Effective Technology-Delivered Instruction

Contract #: DASWO01-04-K-0002 Contract Dates: 03/01/2004 to 02/28/2006
Institution: The University of Tulsa PI: Joanne Davis (TU)
Illinois Institute of Technology Co-PI: Annette Towler (IIT) & Kurt
Kreiger (TU)

Liaisons: Scott Graham, IFRU;
Jim Belanich, BRU

Problem(s)/Research Question(s) — This project examined the effect of “seductive details™ on
training. Seductive details refer to entertaining and interesting information inserted into training
material that is tangential to the main theme of the topic. While previous research has shown that
the use of seductive details and on-screen text hinders learning in computer-based training
environment, our research shows that these factors at times have no effect or a positive effect on
learning. Our research centers on characteristics of learners and the learning environment that
lead to either facilitative or inhibiting effects of seductive details.

Technical Barrier(s) — Previous research establishing the seductive detail effect has used a
limited set of training materials, has focused exclusively on declarative knowledge and has not
adequately distinguished seductive details that are independent of or dependent of the primary
training content. Little is known about the effects of prior knowledge of course content or
trainees’ learning styles. Finally, preliminary research suggests that seductive details are most
likely to have an effect when learners approach their limits for cognitive load (how much
information they can process at once), and these limits may vary from learner to learner.

Significance/Impact for Basic Research — The results will allow us to assess the extent to
which training design characteristics impair both trainees’ recollection of the facts and principles
taught in training and their ability to perform the skills that were taught. In the long-term, this
research will enable the military to design more effective computer-based training.

Potential Transitions — Knowledge gained in this basic research may be usefully employed in:
e Basic and applied research on learning and instructional principles;
e Instructional design for computer-based or Web-based training; and
e Game-based training; determining whether details related to game fidelity detract from
learning in game/simulation environments.

Overview

One common strategy for enhancing any type of training is to make the content as
interesting as possible. Intuitively, these strategies should increase intrinsic motivation in
learners, resulting in greater appreciation for the material and greater persistence in learning
environments. Obviously, interesting information that is central to the main topic is useful and
can facilitate trainees’ learning. However, trainers or instructional designers tend to include
interesting information that is unrelated to the central theme to spice up mundane information.
This phenomenon is called the “seductive details effect” and refers to essentially “highly



interesting and entertaining information that is only tangentially related to the topic but is
irrelevant to the author’s intended theme™ (Harp & Mayer, 1998, p. 1). Instructional material can
be seductive through inclusion of illustrations or text that is interesting and entertaining but
tangential to the topic (e.g., adding a picture of a professional football team to a training module

on teamwork).

Although one could argue that the inclusion of seductive details increases trainees’
emotional interest in the topic, there is evidence suggesting that the inclusion of this material
disrupts trainees’ concentration on the main themes of the material (Harp & Mayer, 1998;
Mayer, Heiser, & Lonn, 2001). Thus, trainees learn less in courses where seductive details are
included along with the presentation of material relevant to the topic of the course.

Previous seductive details research has focused exclusively on declarative knowledge
(i.e., knowledge of the facts and principles taught in training), and most studies have used only a
single set of instructional materials (e.g., Harp & Mayer, 1997; 1998; Mayer et al., 2001). In
previous research described, we found that seductive details had no effect on recall but had a

beneficial effect on transfer.

Research Approach — Study 1

Ninety students from two universities participated in a 10 minute computer-based
training course. Participants ranged from 18-29 years of age with an average age of 21 years. The
course demonstrated several functions in Excel that could be used to select a city to live in based
on the city’s average rainfall and temperature. Participants are randomly assigned to one of four
experimental conditions: (1) training includes both seductive details and on-screen text, (2)
training includes seductive details but not on-screen text, (3) training includes on-screen text but
not seductive details, (4) training did not include seductive details or on-screen text. On-screen
text summarizes key points covered in training, while seductive details included interesting facts
about the data used in training such as “Tree crickets are called the poor man's thermometer
because temperature directly affects their rate of activity. Listen for a cricket and count the
number of chirps it makes in fifteen seconds. Add 37. The sum will be the Fahrenheit
temperature (almost exactly!).”

Accomplishments — Study 1

Use of Excel prior to training accounted for a significant 8% of the variance in procedural
knowledge exam scores. However, seductive details and text-summaries did not account for a
significant portion of the variance in declarative knowledge (R* =.003, p > .05), procedural
knowledge (R* =.029, p > .05), or training reactions (R* = .035, p > .05), after controlling for
previous experience with Excel. Thus, including seductive details and/or text-summaries did not
affect training reactions or how much trainees learned, contrary to the hypotheses.

Seductive details and on-screen text interacted with trainees’ learning styles. Including
on-screen text greatly decreased performance for trainees with an auditory learning style and
slightly decreased performance for trainees without an auditory learning style (see Figure 1).
This effect occurred for both declarative and procedural knowledge learning outcomes. Also,



including seductive details greatly decreased performance on the procedural knowledge exam for
trainees with a tactile learning style and slightly decreased performance for trainees without a

tactile learning style (see Figure 2).
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Figure 1. Interaction between text-summaries and auditory learning style when predicting
declarative and procedural knowledge test scores.
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Figure 2. Interaction between seductive details and tactile learning style when predicting
procedural knowledge test scores.



Research Approach — Study 2

The second study was a replication and extension of the first study. We attempted to
replicate the findings from Study 1 in a different setting using another training program
(Microsoft Mailmerge). We extended the second study through testing the effects of different
types of seductive details on recall and transfer performance. To better understand the seductive
details effect, we tested whether they had a deleterious effect depending on whether they were
independent or dependent on instructional content. For example, in the context of providing
instruction on the use of Microsoft Mailmerge, an example of dependent seductive detail is “The
Windows NT software was developed by Microsoft-Israel,” whereas an independent seductive
detail is “Top graduate schools often accept up to only 10 applicants per year.” As can be seen in
the examples, dependent seductive details are tangentially related to the instructional material,
whereas independent seductive details have no relevance to the instructional material.

Seventy-seven participants were recruited for this study from a private Midwestern
university. The independent variable consisted of three levels: no seductive details, independent
seductive details, and dependent seductive details. As in Study 1, post-training measures were
collected on a multiple-choice test of declarative knowledge and a performance-based measure

of transfer after a time delay and distracter task.

Accomplishments — Study 2

As in Study 1, there was no main effect for seductive detail (SD) condition on declarative
knowledge test scores. There was, however, a main effect for seductive detail condition on
transfer performance. Transfer performance was better in groups that were exposed to
independent seductive details for the transfer task score (M = 15.62, SD = 1.03) compared to the
control group (M = 11.15, SD = 1.17). There was no difference between the dependent seductive
details (M = 13.03, SD = 1.07) and the other groups. Consistent with study 1 (and contrary to the
findings of many previous studies), the introduction of (independent) seductive details had a
facilitative effect on transfer performance.

Research Approach — Study 3

Since we conducted two studies with results that were very different than those obtained
by Mayer and colleagues (e.g., Harp & Mayer, 1997; 1998; Mayer et al., 2001), we attempted to
conduct a tight replication of one of Mayer’s earlier studies. Because results of both prior studies
conflict with those of previous research, we conducted a third investigation attempting to
replicate as closely as possible conditions used in prior seductive details studies. Sixty-two
undergraduates at a Southwestern university participated in the investigation for extra credit.
Following the design in Harp and Mayer (1998), participants were assigned to one of four
conditions: (1) a baseline condition, (2) baseline plus seductive details, (3) baseline plus
seductive illustrations; and (4) baseline plus seductive illustrations and seductive text. In all
conditions, participants read a scientific explanation of how lightening forms. Seductive details
were in the form of interesting information about lightening but irrelevant to its formation (e.g.,
the number of Americans per year struck by lightening) and/or interesting pictures irrelevant to
lightening formation (e.g., a high school football player whose uniform had been burned by



lighting). All text and seductive details were identical to those used by Harp and Mayer.
Participants completed the training material and answered four open-ended questions applying
what they had learned. Participant responses were scored by two researchers and summed across
questions. Note that these transfer questions are actually problem-solving or applied questions
rather than performance-based measures as used in Studies 1 and 2.

Accomplishments — Study 3

Two one-way ANOVA revealed significant main effects for seductive details on both the
number of main points recalled and scores across the four “transfer” or problem-solving
questions. Post hoc comparisons of recall measures indicate that participants recalled the most
main points in the base (no seductive detail) condition, and the fewest main points in the base +
text + illustration condition. Post hoc comparisons revealed that problem-solving scores were
lowest in the base + text + illustration condition, but there were no differences between the other
three conditions. In general, these results are similar to those obtained by Harp and Mayer
(1998), although not as strong for the seductive detail text and seductive detail illustration
conditions. Interestingly, Harp and Mayer concluded that “seductive details do their damage™ by
interfering with the organization of information at the point of learning. However, visual
inspection of the free recall measures in the three seductive details conditions shows strong
organization of information. Even though upon presentation the seductive details were
interspersed with the primary information, at recall, participants frequently presented the
seductive details (organized) together at either the beginning or end of their recall statements.

Research Approach — Study 4

In a phone conversation with Richard Mayer, Dr. Mayer speculated that one difference
between some of our studies and his was that our studies provided less cognitive load on
participants, and thus seductive details were less disruptive. For example, when learning new
software, there may be a natural organization to the information, or learners can rely on prior
knowledge of other software to organize the new information. Seductive details could be less
disruptive under these conditions than if all information was new. Seductive details in general
would be predicted to have the greatest effect when greater cognitive load was greatest. Dr.
Mayer also speculated that there could be differences in the nature of our seductive details (from
his). Over time, he had found that visually graphic or violent details tended to be the most

disruptive.

To examine the effects of different levels of cognitive load and different types of
seductive details, we conducted a fourth study. Sixty research participants from a private
southwest university were recruited for the study. They were assigned to one of four cells in a
2x2 design. Participants read about how a car engine works. Participants either-read one page at a
time or two pages at a time (with the latter condition requiring them to store more information at
one time, thus imposing greater cognitive load). Participants either read and saw neutral
seductive details, or graphic ones (e.g., a car from a violent automobile accident, or female
models posing at a new car show). We used a multi-item declarative knowledge measure to
assess learning, and participants also rated their satisfaction with the training materials.



Accomplishments — Study 4

There was no effect for cognitive load (one v. two pages) or seductive detail type (neutral
v. graphic) on the knowledge test scores. Participants reading two pages at a time rated the
materials significantly more confusing than did participants reading one page at a time. In sum,
there was little support for either manipulation on learning, although the requirement to read two
pages at a time may have created more cognitive load for learners.

Research Approach — Study 5

Seventy-one participants were recruited for this study from a private Midwestern
university. The students ranged from freshman to undergraduate seniors. Twenty-seven
participants were females and 44 were males. Nearly all participants stated they were not
familiar with Microsoft Mailmerge. Each participant was randomly assigned to one of four
groups: (1) cognitive load + no SDs, (2) the control-no cognitive load + no SDs, (3) cognitive
load + SDs, and (4) no cognitive load+ SDs.

The training provided instruction to participants on Microsoft Mailmerge-a function of
the popular software package, Microsoft Word. The training session was an audio-visual file that
participants listened to with headphones and viewed on a 17-inch computer monitor. The file
contained animated videos with screen shots of Mailmerge and Excel programs. The overall
topic of the training was to use Mailmerge to organize and send personalized letters in mass
mailings. The training covered managing database information, filtering and sorting information,
and inserting conditional statements. Cognitive load was introduced through use of a clicker. In
the cognitive load condition, participants were required to click a clicker each time they heard
the word “document” during training.

Demographics were taken before the training. Motivation was measured through an 8-
item survey with questions like “I am motivated to learn the skills emphasized in the training
program.” A 7-item reaction measure included questions like I found the training coherent.” A
13-question, multiple choice post-test was administered to measure declarative knowledge.
Transfer of training was measured through a task that included filtering, sorting and merging of

letters.
Accomplishments — Study 5

An ANCOVA was conducted to test for an interaction between cognitive load and
seductive details with relation to transfer task scores. There was a significant interaction between
cognitive load and seductive details (p< .05 ). An ANOVA was then conducted to further test for

group differences in training outcomes. A post hoc test (Tukey HSD) revealed that participants
who experienced cognitive load + SDs, scored significantly (p=.04) lower on transfer than

participants with no cognitive load + no SDs.
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Contributions to Basic Science

The results from Studies 1 and 2 suggest that seductive details can be effective for
transfer. Prior research has focused primarily on the effects of seductive detail on recall, finding
a negative effect. It is interesting to learn that seductive details can have a positive effect on task

performance following a delay from training.

Results across all studies suggest that seductive details may have an effect on recall
measures, but these effects do not occur when recognition (multiple-choice tests) are used.
Researchers need to exercise care in choosing the appropriate dependent variable, and theories
on seductive details should account for differential effects based on test type.

Visual inspection of participant responses in Study 3 suggests that if seductive details
have negative effects on learning, they do not do so by preventing organization of new
information. Evidence from Study 5 (but not Study 4) suggests that increasing cognitive load
may make seductive details more disruptive to learning.

Cognitive load theory suggests that learners can absorb a limited amount of material into
working memory and if they are overloaded with information then they fail to form knowledge
schemas that can be transmitted to long-term memory (Sweller, 1994). Cognitive load may be
influenced by learner characteristics (e.g., cognitive ability or learning style), depth and
complexity of content, or instructional design characteristics. There may be crucial “tipping
points™ for cognitive load to occur and thus for seductive details to do their damage. This point
may also be dependent on individual differences, which we did not investigate in our research.

Potential Army/Military Applications

The knowledge acquired from this basic research emphasizes the importance of
monitoring and controlling levels of cognitive load in computer-based training studies. Cognitive
load thus emerges as a key variable for understanding relations among learner capabilities,
instructional design features, and learning during training. Seductive details are but one
mechanism for increasing cognitive overload. A logical next step is to study more broadly
multiple instructional strategies that enhance learning and transfer by decreasing the learner’s
cognitive load. This research can be followed up by testing various design principles rooted in
cognitive psychology in terms of their impact on cognitive load in various forms of computer-
based training of work-related skills.

Understanding variables that affect learners’ ability to separate understanding of
seductive details from their understanding of core content may have other applications for the
military as well. For example, in game-based training, seductive details take the form of graphics
and special effects that enhance the appeal of the game but might be unrelated to the purpose of
training. Seductive details and cognitive load theory may provide a platform for studying
boundaries of game fidelity. Alternatively, identifying learner factors related to the capacity to
“separate wheat from chaff” might have implications for the designing effective training of

intelligence analysts.

11
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Training for Efficient, Durable, and Flexible Performance in the Military

Contract #: DASWO01-03-K-0002 Contract Dates: 10/01/2002 to 9/30/2007

Institution: University of Colorado PI: Alice F. Healy
Co-PI: Lyle E. Bourne, Jr.

Liasons: Stephen Goldberg, SSRU
Robert Pleban, [FRU

Problem(s)/Research Question(s) — This project aims to test and develop principles of training
that promote efficient learning, durable memory, and flexible transfer performance.

Technical Barrier(s) — Learning, memory, and transfer performance are not always highly
positively correlated; for example, rapid learning often leads to weak long-term retention. There
is, thus, a technical barrier for finding conditions that simultaneously optimize all three aspects

of training.

Significance/Impact for Basic Research — The experiments conducted as a part of this project
should produce data that will support the development of a general theory of training
encompassing learning efficiency, memory durability, and transfer flexibility.

Potential Transitions — Knowledge gained in this basic research may be usefully employed in
the following ARI applied programs (among others):
e Virtual Intelligent Training for Objective Force Warriors (WP 294);
e FUTURE-TRAIN: Techniques and Tools for C4ISR Training of Future Brigade (WP
211):
e Future Force Warrior Training (WP 215);
e VICTOR: Virtual Individual and Collective Training for Objective Force Warrior (WP
233);
e Training for Interactive Distributed Environments (WP 214); and
e Simulation-focused Collective Aircrew Training (WP 231).

Overview

We have developed a set of training principles that optimize the efficiency and durability
of trained performance. In addition, we have discovered that conditions that lead to durability
often, and perhaps always, lead to limited flexibility or adaptivity. In fact, we have found that
training has little or no benefit if there are discernable differences between the training and
testing situations in the background or context, even if there are no changes made in the primary
task requirements. The focus of the current project is, thus, to develop training procedures for
knowledge and skill that will survive primary task or background changes and, thereby, produce
flexible, as well as efficient and durable, performance in military tasks.
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Research Approach

The experiments in this project are divided into three major groups. Experiments in the
first group are designed to understand how individuals can be trained to contend with an
unpredictable flow of information often large in quantity, rapidly presented, and ambiguous.
Experiments in the second group are aimed to identify training factors that promote adaptive and
flexible performance in the field. The final group of experiments examines performance in
dynamic and changing task environments. We conclude with an effort to create, still in the
laboratory, a complex set of tasks similar to those encountered by a digitally proficient pilot
operating a fully computerized cockpit, and not unlike those of the digitally proficient *“land
warrior” Soldier of tomorrow. The major aim of this set of experiments is to determine the extent
to which training principles, first established in simpler laboratory tasks, generalize to
performance under these more complex conditions.

Accomplishments

In this summary, we focus on accomplishments in two experiments. Both of these
experiments relate to understanding how individuals can be trained to contend with an
unpredictable flow of information often large in quantity, rapidly presented, and ambiguous. The
first experiment is also relevant to the identification of training factors that promote adaptive and
flexible performance in the field. These two experiments have helped us to test and to increase
the sphere of previously proposed training principles.

The first experiment used a message comprehension paradigm in which we examined
subjects” ability to remember and follow navigation instructions. We used this task to investigate
variations in training to determine ways to optimize the understanding of, memory for, and
execution of navigation instructions. In particular, this study tested three different training
principles that had been proposed in earlier research using different tasks: (a) difficulty of
training (any condition that causes difficulty during learning may facilitate later retention and
transfer), (b) specificity of training (retention and transfer are depressed when conditions of
learning differ from those during subsequent testing), and (c) variability of practice (variable
practice conditions typically yield larger transfer effects compared with constant practice

conditions).

To test the relative strength of these principles, subjects were trained in one of three
conditions. During training trials in the easy condition subjects were given only short messages
including from one to three commands, in the difficult condition they were given only long
messages including from four to six commands, and in the mixed condition they were given
messages of all six lengths. Testing occurred following a short delay filled with an irrelevant
experiment. At testing, all subjects received messages of all six lengths. On the basis of the
difficulty of training principle, subjects should do better at testing overall with hard training than.
with easy training. On the basis of the specificity of training principle, subjects should do better
at testing on short message lengths with easy training than with hard training but should do better
at test on long message lengths with hard training than with easy training. That is, there should
be an interaction between training condition and message length. On the basis of the variability



of practice principle, subjects should do better at test with mixed training than with either easy or
hard training.

We found a significant interaction of condition and message length, as depicted in Figure
1. The mixed group was best on all lengths but length 2, and the easy group was better than the
hard group on the easy lengths (1-3, which they trained on), whereas the hard group was better
than the easy group on the hard lengths (4-6, which they trained on). The results support the
advantages of both specificity and variability of training but do not support the hypothesis that
difficult training would lead to overall best performance at test. Thus, in terms of our principles,
we found support for the principles of specificity of training and variability of practice but no
support for the principle of difficulty of training.

Testing Performance

[J Easy
B Hard
B Mixed

Proportion Correct

3 4 s 6

Message Length

Figure 1. Testing performance across conditions.

The second experiment continues a line of investigation that we have been pursuing in
which we are attempting to understand the processes underlying the bow-shaped serial position
function evident in studies of memory for order information. Earlier experiments in this series
examined memory for information either learned outside the laboratory or learned in a single list
presentation in the laboratory. In this experiment, we used a novel training procedure in which
list items were presented multiple times. This procedure enabled us to compare the relative
contributions of two variables postulated to affect the serial position functions: familiarity of the
items and distinctiveness of the positions. Another novel aspect of the present study was that it
tested memory for spatial order, rather than memory for temporal sequence. Thus, unlike earlier
studies, position distinctiveness was not confounded with temporal distinctiveness.

Many military tasks require the participants to learn a spatial ordering that changes
dynamically in time. For example, command personnel must learn where own troops, enemy
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troops, and various combat resources are located on the battlefield. Furthermore, our
manipulation of item familiarity was much stronger than the manipulations used in previous
studies of the serial position function.

We employed the technique we had developed earlier to investigate the strategic use of
knowledge principle (learning and memory are facilitated whenever pre-existing knowledge can
be employed as a mediator in the process of acquisition), in which subjects listed 10 of their
friends and relatives, and these names of familiar individuals were included as stimuli in the
experiment along with 10 names of unfamiliar individuals. There were two familiarity order
groups that differed in terms of the assignment of names to list positions. In the familiar first
group, familiar names were assigned to the first two list positions, unfamiliar names were
assigned to the next two list positions, and so on throughout the list of 20 names. The opposite
assignment of names to list positions was used for the unfamiliar first group. Following other
procedures we developed earlier, subjects reconstructed the order of only a 12-name subset of
the full list of 20 names. There were three serial position conditions that differed in terms of the
12-name subset of positions used for order reconstruction: 1-12, 5-16, and 9-20.

As shown in Figures 2 and 3, there were striking effects of both familiarity order group
and serial position condition on the shape of the serial position function, indicating that
familiarity of the items and distinctiveness of the absolute list positions both contribute to the
serial position function in reconstructing spatial order information. The effects of item familiarity
were particularly striking, thereby also extending the strategic use of knowledge principle to
tasks involving reconstruction of order. This study demonstrates clearly that prior knowledge can
be used effectively to learn new position information, and that finding should be relevant to
training battlefield commanders who are required to learn location information, as described

above.
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Figure 2. Effects of serial position.
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Figure 3. Effects of serial position.

Contributions to Basic Science

We have proposed theoretical principles for optimizing training. The primary purpose of
our experiments is to collect data that allow us to accept or reject each of these training
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principles that we formulated on the basis of our basic laboratory research and to develop and
test new principles that are supported by these data. For example, our recent study of
comprehension of navigation instructions allowed us to confirm the specificity of training and
variability of practice principles, and our recent study of serial order reconstruction allowed us to
extend the strategic use of knowledge principle to a new domain.

Potential Army/Military Applications

Our experiments should be used to drive applied research. To illustrate this potential
symbiosis between basic and applied research, we give two brief examples. First, our research
has demonstrated a high degree of specificity from training to subsequent application. In fact, we
have shown that training is specific even to the length of messages that need to be understood
and executed. Test performance was best following training with all possible message lengths.
These findings have crucial implications for military training because instructors may assume
that teaching a particular task through a limited number of examples will generalize fully to an
entire domain even when the examples differ in a fundamental respect (e.g., length) from the test
situations. However, our findings imply that to be effective, training should incorporate a full
range of examples on critical task dimensions. In our research, we are testing the boundary
conditions of this specificity of training and variability of practice principles using a variety of
laboratory tasks, and we are exploring additional ways to overcome training specificity beyond
increasing practice variability. Although the tasks used in our research are often components of
military tasks and require digital proficiency, they are not the real military tasks currently being
trained in the Army. We hope that applied research units are interested in testing whether the
training principles we have developed would apply to such real tasks and whether the methods
we hope to develop for overcoming the problem of training specificity could be adapted to
improve military training. To that end, we visited and have had discussions with Stephen
Goldberg (Chief, Simulator Systems Research Unit) about future collaborative research on the
applicability of our training principles to simulator training. Second, we have shown that prior
knowledge can be used to enhance the learning of spatial position information. We are presently
conducting research to explore the boundaries of effective prior knowledge utilization. But the
use of prior knowledge needs to be examined in the context of real military tasks as well, and we
hope that applied research units will be willing and able to take on this examination.

Future Plans

The original contract had a termination date of September 30, 2006. We requested and
were granted a 1-year no-cost extension. During the remaining months of the extension, we will
be completing the analysis and write-up of the experiments we have conducted, and we will be
submitting manuscripts, where appropriate, to professional journals in which we will summarize

our findings.
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Understanding Aspects of Individual and Collaborative Skill Acquisition in
Face-to-Face and Distance Training Situations

Contract #: DASWO01-01-K0003 Contract Dates: 09/01/2001 to 12/2005

Institution: New Mexico State University PI: Adrienne Y. Lee
Co-Pls: Douglas Gillan & Nancy Cooke

Problem(s)/Research Question(s) — How do teams learn at a distance? How does changing the
context between training and test affect performance? What kind of training tan we provide to
improve that transfer between contexts?

Technical Barrier(s) — Cognitive issues for teams/group training is a relatively recent topic of
study. Teams of more than two individuals are difficult to acquire and sustain for multi-day
experiments. Improved technology allows for both more sophisticated studies and better
measurement tools; however, this also means relying on outside vendors (to supply the advance
software and programming support) and also on-site technical support.

Significance/Impact for Basic Research — Through this research, we will have a better
understanding of the factors that affect team learning across contexts (i.e., the effect of
interacting face-to-face versus communicating via technology, and what effect the context of
complex software has on this interaction).

Potential Transitions — Knowledge gained in this basic research may be usefully employed in:
e Training for Interactive Distributed Environments; and
e Other training programs such as Managing Training and Providing Feedback within
Networked Embedded Training.

Overview

The purpose of this research is to examine: a) whether teams training together in the same
location (co-located) will train more quickly and efficiently than teams who are not in the same
location (distributed); b) whether testing in the same situation/context (co-located to co-located
and distributed to distributed) is better than training in different situations/contexts (co-located to
distributed and distributed to co-located); c) whether we can develop training to improve the
transfer between contexts; and d) whether the training will improve learning.

Research Approach

This investigation asked teams of three individuals to learn a complex task and then use
that knowledge to work together to solve some new tasks. Originally, for the tasks, individuals
were asked to learn how to operate an Unmanned Air Vehicle (UAV) where the three
individuals, each with different jobs, must fly a UAV to various locations and take pictures of
specific targets. After an initial investigation, the new focus shifted to peacekeeping missions
where three individuals manage different resources in Support and Stability Operations (SASO).
Both of these contexts are simulated in the laboratory and training/testing is performed using the

following methodology.
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First, individuals learn the complex task either together (face-to-face, co-located) or apart
(distance, distributed). Then a new, equally complex task is chosen and the individuals are asked
to perform the new task. They are either asked to stay in the same context or change to the other
context. Initially, for the UAV task, co-located context, the computer consoles were in a semi-
circle that allowed individuals to speak over-the-shoulder to each other; for the distance context,
the individuals were separated by a screen, with one in another room. For the SASO task, co-
located, individuals are facing computes in a circular configuration which allows them to talk to
each other easily; for the distance context, the individuals are in completely separate rooms with
sound material on the walls. The new technology allows for smaller, lighter computer equipment
that can be easily moved to different rooms and communication occurs through light headsets.

Accomplishments

In the spring and fall 2002, the first investigation on co-located/distance team training
and transfer was performed in the UAV CERTT lab. Performance results are shown below.
Although all teams received the same initial (declarative) knowledge training, distance teams
outperformed co-located teams throughout the initial hands-on training sessions and after
transfer. The distance teams reached a plateau but this was probably due to a lack of feedback.
After transfer, all teams experienced a decrement in performance (similar to Singley &
Anderson, 1989) but the distance teams (i.€e., those who trained at a distance and either stayed in
the same distance condition or transferred to a co-located condition) showed a greater
improvement for the two training missions after transfer. These results may have been due to the
small numbers of teams or the experimental setup in the UAV lab which may have suppressed
co-located performance.
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Figure 1. Performance across teams from Experiment 1.

Note. A change in context occurs at Mission 7. CC= co-located; CD = co-located to distributed; DC =
distributed to co-located; DD= distributed.
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In 2003 we developed the SASO lab and tested the software both among the graduate
student assistants and with practice teams. We were able to get necessary changes to the SASO
software and to debug that software, install video and audio recording, re-configure a lab space
to house the hardware, and train assistants on the task. From spring 2004 through spring 2005,
we replicated the investigation in the SASO lab. The main differences in physical context were
described above; however, we added a communication training component. Thus, we can see
whether the change in the technology has a bigger effect than a change in the physical context.

We ran 60 teams to test both the conditions set forth for Experiment 1 and push-to-talk
versus no push-to-talk. Results for Experiment 2 are shown in Figures 2 through 4. The pattern
of results for push-to-talk is different than for no push-to-talk. If you look at the training results,
push-to-talk adds quite a bit of load. The push-to-talk data by condition over missions is
unreliable with performance all over. However, the no push-to-talk data show more regularity.
They demonstrate that staying in the same context is better than changing context.

The data also included transcripts of conversations among team members. Subjective
analysis indicates that including a communication component both in the beginning of the
training and before the first mission was effective. However, additional (possibly automatic)
analysis of the transcripts of conversation may be useful (and is being performed). In addition,
the results have been examined for cross-cultural individual difference factors and team trust

1ssues.

We are currently replicating the investigation again in the SASO lab using a change in
context in the actual SASO software as described below.
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Figure 2. Experiment 2 results for push-to-talk versus no push-to-talk.
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Figure 3. Experiment 2 results for push-to-talk results by condition.

Note. CC= co-located; CD = co-located to distributed; DC = distributed to co-located; DD= distributed.
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Figure 4. Experiment 2 results for no push-to-talk results by condition.

Note. CC= co-located; CD = co-located to distributed; DC = distributed to co-located; DD= distributed.
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Contributions to Basic Research

In recent years, the advancement of military technology has resulted in highly complex
skills that need to be acquired and maintained to use that technology (Barry & Runyan, 1995).
Consequently, the demand for ongoing innovations including distance training has increased.
Distance training has been shown to be extremely cost effective and has produced similar
learning outcomes. Although extensive research on distance learning exists, few studies have
focused on group (collaborative) distance training delivered by internet/Web-based technologies.

A parallel development has occurred in the area of team training. Even though group
(collaborative) learning has been the focus of many studies (Slavin, 1996) and progress has been
made on knowledge measurement at the individual level, the measurement of team knowledge,
and team cognition in general, is still in its infancy (Cooke, Salas, Cannon-Bowers & Stout,
2000). Thus, research on how to improve team distance learning can contribute significantly to
the field in several areas including distance education and across-context team transfer.

Interest in distance education has increased due to a concerted effort on the part of public
educational institutions to reach new populations of students who might not otherwise be able to
attend. With advancements in technology, this has been possible (particularly in the use of Web-
based training). On the other hand, few controlled studies exist to determine what is truly

beneficial.

Controlled studies for team distance training could also contribute to the transfer
literature generally. Research has been performed on individual transfer (Singley & Anderson).
Although specifications for transfer are delineated, research on context effects has not been as
conclusive (see McDaniel, Anderson, Einstein & O’Halloran, 1989 or Wickens, 1987). The
current research project is focused upon describing the effects of a particular physical context
change on team performance (with a focus on cognitive skills, but also some measurement of

social skills).

Potential Army/Military Applications

The applications to the military were expected to be in principles for distance training and
transfer (changing from one situation to another) situations. These studies were designed to
determine what conditions promote distance training and transfer and what training is needed to
improve team and distance transfer. In addition, within the studies, various assessment measures
were used that will focus on individual and team cognitive and social (social-cultural) skill

development.

Final Summary

These experiments provided many hours of training compared to studies usually
performed in university laboratories. Here are our findings and implications.

Experiment 1 indicated the importance of communication training. Teams that may be
composed of people who do not know each other (from different parts of the country) may need
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to become comfortable in communicating with each other before a team task can be performed.
Unfortunately, people are often expected to learn how to communicate through learn-by-doing or

by exposure.

In Experiment 1, the hardware was imposing and took time to train. In addition, only
push-to-talk was used. In Experiment 2, we directly examined push-to-talk versus no push-to-
talk. The hardware was less imposing (more familiar and easier to learn). The results, after
separating push-to-talk from no push-to-talk, resembled what one would expect — a change of
physical context and software context would result in more difficulties than staying in the same
context. Although push-to-talk is a normal function of technology in the military, it is not usual
outside of the military. Further, when people are face-to-face, having to press a button to speak is
somewhat unnatural. A more general conclusion is that individuals (and teams) need training on
just the hardware aspects before trying to train on the target knowledge available in the
simulations. One needs to examine the aspects of the hardware (and software) to locate potential
difficulties before focusing on whether the goals of learning can be achieved.

The results in both experiments were different; however, the hardware and software were
also different. Note that Experiment 1 had far fewer teams. Even though numerous other
differences between these experiments may have impacted the results, these studies together
indicate how many different types of context might exist for the individual or team. There’s the
physical context (same room/different room/different floors), the hardware context (large
imposing/unfamiliar or familiar) and the software context (SASO’s country map & stories, UAV
maps & buildings). If the context (simulation or hardware) is particularly compelling, then the
physical context (room, building, chairs, etc.) may not play as large a role. However, identifying
what the critical context is for the team or individual may be the harder task.

Team performance can resemble individual performance. For interference, a decrement
would be expected at transfer to a different context, but after a little more training, the
performance will jump back to the original performance before transfer. For most teams, this
result was found. Thus, in most cases, a team that performed peacekeeping in one country could
be brought together in another country with a temporary loss of performance. We do not know
how much of a decrement would occur or how long it would take to bounce back, but at least we
do know that the training is not lost permanently.
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The Integration of Implicit and Explicit Knowledge in Skill Learning

Contract #: W74V8H-04-K-0002 Contract Dates: 09/2005 to 10/2008
Institution: Rensselaer Polytechnic Institute PI: Ron Sun

Co-PI: Robert Mathews

Liaison: Dan Horn, BRU

Problem(s)/Research Question(s) — How is implicit knowledge acquired from experience
integrated with explicit knowledge from analytical thinking, and what role does this integration
play in skill learning and in leading to skilled performance?

Technical Barrier(s) — The interaction of these two types of knowledge is still poorly
understood and more importantly, the integration of these two types of knowledge is heretofore
unexplored. The process of interaction and integration appears to be highly complex, varied, and

multi-faceted.

Significance/Impact for Basic Research — The major contribution of this work lies in coming
up with a significant new theory that explains a range of human data (skill learning phenomena)
on the basis of the integration of implicit and explicit knowledge. The integration of these two
types of knowledge is heretofore unexplored in the literature. Therefore this project will lead to
advancing the psychology of skill learning and better understanding of this essential aspect of

human cognition.

Potential transitions — Knowledge gained in this basic research may be usefully employed in:

e Future Force Warrior Training program (WP 215) - Training programs that facilitate
rapid accurate decision-making; and

e Various other training programs, including VICTOR: Virtual Individual and Collective
Training for Future Warriors (WP 233); SIMAIR: Simulation-Focused Collective
Aircrew Training (WP 231); and Training for Interactive Distributed Environments (WP
214) - How implicit and explicit training interact and affect skill learning should be
relevant to all of these programs.

Overview

It has been shown that high levels of skills depend on both conceptual (explicit) and
subconceptual (implicit) knowledge. In our prior work, we have demonstrated that there is often
a lack of awareness of experiential knowledge and, in fact, implicit experiential knowledge may
sometimes be incompatible with explicit conceptual knowledge. These problems create serious
challenges for training and learning in the military as well as the civilian contexts. The purpose
of this research program is to better understand the integration of these two types of knowledge
in the course of skill learning and how their integration may lead to better skill learning and
better skilled performance. Specifically, we will (1) investigate the integration of implicit
knowledge (from experiential learning) and explicitly formulated conceptual knowledge in the
development of skills and expertise, (2) explore when and how conscious reflection and resulting
conceptual knowledge may be integrated with implicit knowledge to enhance, rather than to
interfere with, experiential learning, (3) develop computational models and theories of human
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skill learning that capture the fine-grained details of the integration of these two types of
learning, which may be of use in understanding and improving training, on the basis of our

experimental results.

Research Approach

This project investigates the integration of implicit and explicit knowledge in skill
learning through experimental, theoretical, and computational means. In part, this work develops
further a computational cognitive architecture CLARION, especially in terms of capturing of
process details of bottom-up learning and top-down learning. These two processes represent two
hypothesized ways of integrating implicit and explicit knowledge. Equally important in this
project are a set of human experiments to explore different methods of facilitating the integration
in order to enhance skill acquisition.

The human experiments will use a more complex process control task than those
typically used in the implicit learning literature that we refer to as a diagnostic task. The task
involves several interrelated input and output variables. The task captures real world situations in
which an operator (e.g., a manager) is attempting to control a main target variable (e.g., field
performance) but must also monitor several other variables to be sure they remain in acceptable
levels (e.g., desire to re-enlist, or morale). It also corresponds to situations where sequences of
decisions must be made (selecting one or more input variables to use on each case) before
feedback begins arriving about earlier decisions. This is analogous to a manager trying different
treatments to improve workers’ performance and waiting to see results, then making the decision
to continue current treatment or to try something new. It also permits study of the effects on
learning of individual variability in treatment outcomes (e.g., not all workers respond alike to the
same treatment). While the task is dynamic, it provides feedback by discrete time steps (i.e., after
each round of decisions, feedback is provided on the effect of the treatment decisions on each
individual case). This division of performance into discrete time steps provides the opportunity
to reveal learning strategies and to view changes in the learning processes over time.

In addition, the task contains a special model-building screen to develop and/or to reveal
participants’ explicit hypotheses about the relationships among the variables. Participants are
told that their goal is to figure out the relationships among input and output variables and
correctly map these relationships on the model-building screen. Responses on this screen reveal
participants’ conscious (explicit) knowledge about strength and direction of relations among
input and output variables and indicate their confidence in their responses. Participants also will
indicate what they plan to investigate in the next sequence of task performance.

In various experiments, opportunities to switch from the diagnostic task screen (assigning
treatments to individuals and obtaining feedback from the past decisions on all output variables)
to the model building screen will be controlled. In some experiments, participants will perform
the task at a fast pace (they must respond every six seconds) to build implicit knowledge of the
task while limiting time available to develop conscious hypotheses to test. Then, in a second
phase of the experiment, they will be allowed access to both screens to study how they translate
their implicit knowledge of the task into an explicit model of the task. In other experiments,
participants will be encouraged to engage explicit learning processes to learn how to perform the
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task. They will be required to formulate and test their hypotheses by switching back and forth
from the model screen to the task screen. These experiments will provide us with snapshots of
how people attempt to implicitly and explicitly learn the task. Subsequent experiments will test
various types of integrated training such as providing initial (partially reliable) explicit
knowledge about the relations among variables. Other variables to be studied will include the
presence or absence of hints or cognitive aids (e.g., a history screen that allows learners access to
previous inputs and their effects on a given individual), and type of task goal - whether the task
goal is performance based (e.g., getting all scores into the target zones) versus discovery oriented
(e.g., testing the effects of all treatment combinations).

Accomplishments

This contract began in September of 2005, starting with a major development of software
for experiments. We are now completing the first series of experiments using the new software.

We have already made an interesting discovery. When a treatment has a strong positive
effect on the main target output variable but also has a negative “side effect” on one of the other
output variables, participants are generally unaware of the side effect but discount (reduce) the
estimated positive effect of the treatment on the main target output variable. This discounting
effect is in proportion to the size of the negative side effect and does not go away even when
participants are instructed to pay special attention to the output variable that has the side effect.
This effect appears to be unconscious (implicit) but influences conscious estimates of effect size
on the main target output variable. We are now conducting additional experiments to see if this
effect increases or diminishes when training emphasizes explicit (responding to the model
screen) or implicit (just trying to control the variables) learning.

During this time, we also wrote and published an article involving two artificial grammar
experiments that demonstrates the importance of including both bottom-up and top-down
learning mechanisms to adequately account for artificial grammar learning. Across two
experiments, we trained participants using a string edit task and highlighted relatively low-level
(letters), medium-level (chunks), or high-level (structural, i.e., grammar diagram) information to
increase the efficiency of grammar acquisition. In both experiments, participants who had
structural information available during training generated more highly accurate strings during a
cued generation test than other conditions, with equivalent speed. Experiment 2 revealed that
structural information only enhanced acquisition when relevant features were highlighted during
the task using animation. We suggest that two critical components for producing enhanced
performance from provided model-based (explicit) knowledge involve: (1) using the model
(explicit knowledge) to acquire experience-based (more implicit) knowledge rather than using a
representation of the model to generate responses and (2) receiving that explicit knowledge
precisely when it is needed during training. Our results were most supportive of the notion that a
combination of top-down (model-based, explicitly driven) and bottom-up (experience-based,
implicitly driven) processing might be a particularly powerful way to increase the acquisition of
expertise (e.g., Sun, 2002; Sun et al., 2005). However, our work also suggests integrating these
types of knowledge is not easy. It is clear that simply providing information about the underlying
structure of the grammar and exposing participants to exemplars during training is not sufficient.
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Simulations of various combinations of explicit and implicit learning have also been
conducted, and we are in the process of analyzing the results and developing new theoretical

frameworks.
Contributions to Basic Research

The major contribution of this work lies in coming up with a significant new theory that
explains a range of human data (skill learning phenomena) on the basis of the integration of
implicit and explicit knowledge. One product of this effort is a conceptual framework, which
addresses the ways with which these two types of knowledge may be integrated to produce
expertise. This theory (the CLARION model) suggests that performance can be controlled by
either a subconceptual knowledge base (implicit mode) or a symbolic conceptual mental model
(explicit mode). Implicit control is fast but prone to error, particularly in early stages of skill
acquisition. Explicit control is more accurate but slow to apply, and prone to loss by forgetting
over a retention interval. Their integration may lead to better learning and better performance.

A computational cognitive architecture, CLARION, which is substantially different from
other existing cognitive architectures, will be further developed in this work to simulate and
capture a wide range of quantitative data that are related to the integration of the two types of
knowledge, based on the above ideas. This will help us to explain (and eventually to predict)
training and learning processes. We will carry out simulations to generate new insights and
. interpretations that can further explicate the integration of implicit and explicit processes. These
outcomes (data, models, and theories) will likely provide a new perspective on skill learning.
Our models and theories will be useful in better understanding human skill learning theoretically
as well as in helping to improve training processes in practice.

Potential Army/Military Applications

This research links to applied programs on training and learning. Specifically, our basic
research centers on understanding learning and cognition in terms of the integration of implicit
and explicit processes, and thus it involves testing and developing learning and training
principles that may be used to enhance human learning. The goals of the basic research align
with those of the applied programs. Both focus on training effectiveness. Hence, work from our
basic research could inform and be applicable to work in the applied programs. For example, our
work may offer training principles that enhance training effectiveness, which can then be
incorporated into an automated tutoring system. There are of course many other ways in which
the results of our basic research program could be employed in the applied programs” systems,
tools, and other products.

We expect that Army applications of this research will be in the area of training and
human performance. A basic problem for the Army is how to ensure that novices in a Military
Occupational Specialty (MOS) move quickly to more advanced performance (and perhaps to
expertise) as a result of their training. In addition, most training focuses on teaching conceptual
(explicit) knowledge rather than setting up the opportunity for substantial experiential (mostly
implicit) knowledge. While this may be appropriate for some specialties, some other specialties
involve working with complex systems that are better learned initially through extensive
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experiences than with lectures or textbook lessons. As service personnel gain in expertise, it may
often then become appropriate to focus more on conceptual (explicit) knowledge. In this process,
the integration of the two kinds of knowledge is expected to be highly important. Our research
will lead to some initial guidelines about how to best facilitate knowledge integration and thus
learning and performance.

Future Plans

Our contract began towards the end of Fiscal Year 2005. We have acquired new
equipment and developed new software for conducting human experiments. Now on that basis,
we have begun to conduct the first set of experiments as specified in our proposal.

The new human experiments use a more complex process control task than those
typically used in the implicit learning literature. It has five input variables that can interact on
five output variables. This task (the diagnostic task) has a direct analog to real world situations
such as making managerial decisions or clinical practice in medicine. In these situations, learners
must contend with multiple sources of variability (i.e., unreliable explicitly provided
information, individual variability in treatments, and client turnover). This task will allow us to
study effects of these natural sources of variability on implicit and explicit learning outcomes,
and their integration. Our previous studies have found implicit learning to be more tolerant of
learning under noisy conditions. We also plan to study the types of errors learners make under
these conditions and how to prevent them.

In addition, the diagnostic task contains a special model-building screen to develop and
reveal explicit hypotheses about the relationships among the variables over time. In various
experiments, opportunities to switch from the task screen to the model building screen will be
controlled. In some experiments, participants will perform the task at a fast pace (must respond
every six seconds) to build implicit (without explicit) knowledge of the task. Then, in a second
phase of the experiment, they will be allowed access to both screens to study how they translate
their implicit knowledge of the task into an explicit model of the task. In other experiments,
participants will be encouraged to engage explicit learning processes to learn how to perform the
task. They will be required to formulate and test their hypotheses by switching back and forth
from the model screen to the task screen. These experiments will provide us with snapshots of
how people attempt to implicitly and explicitly learn the task. Other experiments will test various
ways of integrating implicit and explicit training. Other variables studied will include various
hints to help build accurate models and whether task feedback is performance (error detection)
focused versus discovery (creativity) focused.

Simultaneously, we will develop the basic outlines of computational models for capturing
various methods for integrating implicit and explicit knowledge in skill learning, namely various
bottom-up and top-down learning algorithms. We will then test them against human data to be
generated from human experiments. We also will work on further cognitive architecture

developments.

We will continue to prepare manuscripts of theoretical and/or experimental papers,
arguing for and developing our unique approach.

29



BRU RESEARCH OBJECTIVE #2: PROVIDE
FUNDAMENTAL KNOWLEDGE TO IMPROVE LEADER
AND TEAM PERFORMANCE

Research under this objective provides concepts and methods for
accelerating leader development, understanding and developing leader adaptability
and flexibility, and discovering and testing the basic cognitive principles that
underlie effective leader-team performance. Understanding the dynamics of small
group leadership in face-to-face and distributed team environments is critical to

this research objective as well.

30



Leadership: Enhancing Team Adaptability in Dynamic Settings

Contract #: 1435-04-03-CT-71272 Contract Dates: 01/01/2003 to 09/30/2006
Institution: University of Pennsylvania PI: Katherine J. Klein

Co-PlIs: Steve W. J. Kozlowski &
Yan Xiao

Liaisons: Stan Halpin, LDRU
Scott Graham, [FRU

Problem(s)/Research Question(s) — What predicts individuals ' adaptive performance in
dynamic settings? What predicts teams " adaptive performance in dynamic settings? What can
team leaders do to enhance adaptive individual and team performance?

Technical Barrier(s) — While research on leadership is abundant, as is research on teams,
surprisingly few researchers have focused specifically on team leadership. Further, it is
challenging to identify, gain access to, investigate, and/or stimulate truly dynamic work settings.

Significance/Impact for Basic Research — Our findings will help to clarify the nature and
antecedents of adaptive individual and team performance in dynamic settings, expanding
research on (1) leadership; (2) team effectiveness; and (3) dynamic work contexts.

Potential Transitions — Knowledge gained in this basic research may be usefully employed in:

LEADERSHIP: Developing Leaders in a Changing Army (WP 103);

Future Force Warrior Training (WP 215);

Assessing and Developing Leaders Within Special Operations Units (WP 218);
Accelerating Leader Development (WP 269);

Accelerating Leader Development (WP 285);

SELECT?21: Selection, Classification, and Performance Metrics for the Future Force
Soldier (WP 257) and ATO: IV.HS.2002.01; and

FUTURE TRAIN: Techniques and Tools for C4ISR Training of Future Brigade Combat
Team Commanders and Staffs (WP 211).

Overview

Our research was designed to illuminate the influence of individual differences, team

characteristics, and leadership on individual and team performance in dynamic work
environments. Dynamic settings are work environments in which:

i
2
3.

Diverse specialists work in teams to perform highly interdependent tasks;
Tasks are high in novelty, uncertainty, and urgency;
The pace of work is varied and unpredictable as emergency events occur frequently but at

unpredictable times;
Team composition (i.e., team membership) changes frequently, such that team members

may not know many of the individuals on their team; and
Effective task performance is dependent on team member learning, development, and

adaptation.

31



Theory and research regarding the factors that allow individuals and teams to thrive in
such settings are extremely limited. Our research helps to fill this gap in the literature.
Ultimately, our work will inform training specifications for leader development so that Army
leaders are equipped with the skills needed to shape and influence team learning, development,

and adaptability.

Research Approach

We conducted five interrelated research projects, combining research methods and
approaches—including comprehensive foundational literature reviews, theory development,
experimental research in a laboratory setting, qualitative case study research, and longitudinal
survey research in the field—to build new understanding of the ways in which leaders may
enhance team learning, coordination, and adaptive performance in dynamic work environments.

More specifically, we collected qualitative data in a real-life, dynamic work setting: the
Maryland Shock Trauma Center (STC). STC is the hub of Maryland’s system of emergency
trauma care, treating over 6,000 victims of traumatic injury each year. We complemented the
real-world insights that we gained in the STC with rigorous, experimental research in the MSU
ADAPT Lab (Accelerated Development and Adaptive Performance Training). Our experimental
work was based on the theoretical foundation of self-regulation as a means to examine the
psychological mechanisms underlying learning, motivation, and performance. We extended and
enriched these efforts by conducting detailed reviews of the literature, engaging in theory-
building, and studying the interactive effects of team composition and leader behavior in a
longitudinal survey study of national service teams.

Accomplishments

In our experimental research in the MSU ADAPT Lab on complex skill acquisition, we
found that orienting team members toward learning (via goal content and goal frames) is a potent
means to enhance the nature, focus, and quality of self-regulatory processes, learning, and
performance outcomes. Principles from this research may guide the development of simulation
tools and guidelines for team leaders. For more detailed information about this research, see:

Kozlowski, S. W. J., & Bell, B. S. (2006). Disentangling achievement orientation and
goal setting: Effects on self-regulatory processes. Journal of Applied Psychology, 91,
900-916.

Our foundational review on team effectiveness documented several critical cognitive,
motivational, and affective team processes that contribute to team effectiveness and pointed to
leadership and team development as leverage points for enhancing team effectiveness. To read
this review of the team effectiveness literature, see:

Kozlowski, S. W. J., & Ilgen, D. R. (2006). Enhancing the effectiveness of work groups
and teams (Monograph). Psychological Science in the Public Interest, 7, 77-124.

Our conceptual analysis of dynamic team leadership addressed gaps in the mainstream
leadership literature. Our theory of dynamic team leadership specifies how team leaders can
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shape, influence, and harness self-regulatory processes to guide team development and the
emergence of key team processes needed for adaptation and effectiveness. The theory is

presented in:

Kozlowski, S. W. J., Watola, D., Nowakowski, J. M., Kim, B., & Botero, . (in press).
Developing adaptive teams: A theory of dynamic team leadership. In E. Salas, G. F.
Goodwin, & C. S. Burke (Eds.), Team effectiveness in complex organizations: Cross-
disciplinary perspectives and approaches (SIOP Frontiers Series). Mahwah, NJ: LEA.

Our qualitative research conducted in an emergency trauma treatment center underscored
the importance of dynamic team leadership. Senior team leaders in this setting engaged in
“dynamic delegation,” repeatedly delegating the active leadership role to, and withdrawing the
active leadership role from, more junior leaders of the team in response to rapidly changing task
contingencies. Dynamic delegation allowed teams to perform reliably while also building their
novice team members’ skills. This study appears in:

Klein, K. J., Ziegert, J. C., Knight, A. P., & Xiao, Y. (2006). Dynamic delegation:
Shared, hierarchical, and deindividualized leadership in extreme action teams.
Administrative Science Quarterly. 50, 590-621.

Finally, our longitudinal investigation of leadership, diversity, and team conflict,
highlighted the need for leader responsiveness to their teams’ deep diversity. When team
members’ values differ, leaders who structure their teams’ tasks (by assigning tasks, setting
deadlines, specifying standards, etc.) may be particularly effective in preventing team conflict
and facilitating rapid coordination and adaptation. For more information, see:

Klein, K. J., Knight, A. P., Ziegert, J. C., Lim, B. C., & Saltz, J. L. (2007.) When team
members’ values differ: The moderating effects of team leadership. Working paper.
University of Pennsylvania, The Wharton School.

Contributions to Basic Science
Our research sheds new light on the psychological mechanisms underlying individual and

team self-regulation in dynamic work settings. Further, our research identifies leader behaviors
and functions (e.g., goal clarification, feedback, coaching) that enhance individual and team self-
regulation and thereby enhance individual and team learning and development in dynamic
settings. Current research on leadership and on individual and team performance is dominated by
relatively static, structural approaches. Our research highlights the dynamic nature of individual,
team, and leader performance required in dynamic work settings.

Potential Army/Military Applications

Our research findings have implications for military leadership, training, selection, and
team (e.g., platoon) design. The knowledge we are generating can be applied to improve
leadership (in action), leader development (training specifications for leader capabilities), and
training design and delivery (what we develop can be delivered by leaders in action or by
technology-based training systems). Our findings can also inform the selection of Soldiers for
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work in dynamic team settings, shedding light on individual differences that predict effective
learning and performance in dynamic settings. Finally, analyses of the role that leaders may play
in attenuating the potentially negative effects of team values diversity clarifies the leader
behaviors likely to be most effective when Soldiers’ values differ.

Final Summary

Adaptive team performance is multi-determined. Adaptive individual and team
performance reflects the characteristics of individual team members, most notably their learning
goal orientation. Further, adaptive individual and team performance reflects the behaviors of
team leaders. Team leaders may cultivate team members’ learning orientation and skill
acquisition by coaching and training their team members, by providing structure, and by enacting
dynamic delegation. In highly effective teams, team processes—including team efficacy,
transactive memory, and team cohesion—facilitate adaptive performance. Finally, skilled team
leaders enhance their teams’ adaptive performance by adjusting and matching their leadership
behaviors to critical contingencies, including changes in team composition and shared expertise,
values diversity, and shifts in the team’s task engagement cycle.
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Self-Initiated Development of Leadership Capabilities:
Toward Establishing the Validity of Key Motivational Constructs
and Assessment Tools

Contract #: W74V8H-05-K-0001 Contract Dates: 11/01/2004 to 10/31/2007

Institution: Georgia State University PI: Todd J. Maurer
Liaison: Larry Laffitte, LDRU

Problem(s)/Research Question(s) — The problem addressed in this research is to identify and
validate new individual difference characteristics that are relevant to motivating leadership
development, as well as ways of measuring those differences in people.

Technical Barrier(s) — Little is known about predicting leadership development behavior
because most research has been directed at predicting the performance of leaders.

Significance/Impact for Basic Research — New behavioral constructs are needed that will be
useful in understanding, predicting and ultimately enhancing leadership development. It is
expected that hypothesized relationships of these leadership development constructs/measures
with each other and with additional predictors will help to establish their validity and potential
usefulness in this domain.

Potential Transitions — Knowledge gained in this basic research may be usefully employed in:
e LEADERSHIP: Developing leaders in a changing army (WP 103);
e Accelerating Leader Development (WP 269);
e Accelerating Leader Development (WP 285); and
e SELECT21: Selection, Classification and Performance Metrics for the Objective Force
(WP 257); ATO: IV.HS. 2002.01.

Overview

The Army (and other organizations) must have leaders or potential leaders who
continuously pursue the development of leadership skills and who are flexible and adaptable
through their involvement in self-initiated development and learning experiences. The Army
cannot rely solely on mandated training or learning experiences—it needs leaders or potential
leaders to be motivated to pursue self-initiated development of leadership skills and
characteristics. Total development must be motivated and initiated from within the person. But
little is known about predicting leadership development behavior because most research has been
directed at predicting the performance of leaders. Leadership development and leader
performance are not the same thing. Likewise, motivation to be a leader and motivation to
develop leadership skills are not the same. The Army needs a better understanding of leadership
development and those behavioral constructs and assessment methods that are relevant to
leadership development, especially those that involve individual sustained effort to develop
leadership attributes. Basic research that addresses these issues can ultimately lead to applied
research which enables better selection and development of leaders.



A Kkey first step in this process is to develop behavioral variables/constructs and
assessment methods, including a network of related variables, that would help establish the
validity and relevance of these new variables in this domain. The variables will be explored
within a system of related constructs, including antecedents and consequences, to establish the
relevance to other variables within the leadership development domain.

There will be two general sets of variables examined in this research. The first set of
variables includes variables being introduced here as new to the leadership domain. This set
includes: motivation for leadership development, self-efficacy (or self-confidence) for leadership
development, and beliefs about the improvability of leadership skills/attributes (e.g. beliefs that
leadership can be developed vs. leadership is born). In addition, participation in leadership
development activities for the purpose of learning/developing leadership skills also will be
examined. The second set of variables to be examined are traditional personality variables, as
well as selected variables from the employee development literature, that can be examined as
predictors of these new variables.

In general, it is expected that hypothesized relationships of these leadership development
variables with each other and with additional predictors will help to establish their validity and
relevance in the leadership development domain. Constructs relevant to leadership development
(e.g., self-efficacy for leadership development, motivation for leadership development) will be
distinguished theoretically and empirically from constructs relevant to leadership performance
(e.g., self-efficacy for leadership, motivation to lead).

It is hypothesized that (Hypothesis 1) self-efficacy for leadership development (SELD)
will predict motivation to develop leadership skills (MTDL), and that (Hypothesis 2) self-
efficacy for leadership (SEL) will predict motivation to lead (MTL). The corresponding self-
efficacy constructs will have higher predictive validity for the corresponding motivational
constructs (e.g., SELD> MTDL; SEL > MTL). Hypothesis 3 is that leadership improvability
beliefs (IBL) will predict SELD, and hypothesis 4 is that IBL will predict SEL, although it will
have a higher relationship with SELD due to their closer conceptual relationship. Further,
(Hypothesis 5,) MTL will predict MTDL, but this relationship will be greater for those
individuals who have higher IBL. In other words, those who are motivated to lead also will be
more motivated to develop leadership skills; however, this will be more true for those individuals
who have higher beliefs that leadership skills/attributes are improvable/acquirable. Therefore,
IBL will moderate the relationship between MTL and MTDL. Also, (Hypothesis 6), MTDL will
predict participation in leadership development activities directly. MTL will only predict
leadership development activities through MTDL and not directly; that is, MTDL acts as a
mediator between MTL and leadership development activities.

In terms of the traditional personality variables, it is expected that openness to experience
(Hypothesis 7) will have a relationship with motivation to develop leadership (MTDL) skills but
not with motivation to lead (MTL). Prior research did not find a relationship between motivation
to lead and openness. However, it did find a relationship between extraversion and motivation to
lead, and so that is expected here (Hypothesis 8). In addition, it is expected (Hypothesis 9) that
the traditional employee development constructs (e.g., self-perceptions that the person possesses
the qualities needed for learning/developing, perceived need for development of one’s own
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skills, social support for learning/developing, perceived benefits of developing skills) will relate
to the development-oriented constructs (e.g. motivation to develop, self-efficacy for
development), but not motivation to lead and self-efficacy for leadership.

Research Approach

A two-wave survey method will be used to collect data from participants. The source of
subjects will be an on-line research pool through StudyResponse.com. As introduced at the 2003
annual meeting of the Society for Industrial and Organizational Psychology, StudyResponse is a
service that matches researchers with participants willing to receive solicitations to complete
surveys. Registered participants (currently N > 46,000) have varied demographic characteristics
including racial makeup, gender, education, and a varied list of occupations. Working adults of a
wide range of ages will be included, which will allow the investigation to focus on both younger
and more mature adults. i

Administrators of this service did a benchmarking study recently by replicating the topic
matter of a national poll conducted with systematic sampling by a large polling company. The
researchers found that the results from the StudyResponse panelists’ responses corresponded
with the results obtained in the national poll of opinions within just a few percentage points of
error on just about every question asked. This suggests that the results provided by this sampling
approach are reasonably representative of data provided by traditional and systematic
sampling/polling procedures. This Internet panel approach provides a viable approach as a sound

sampling strategy.

The two sets of variables described above will be examined in the following way. First,
the relationships among the leadership development constructs will be tested when data for the
total set of these measures is collected in two time periods. By collecting data for these measures
twice, this allows for a retest interval to examine the stability of the constructs across time and
also for prospective prediction of some of the constructs onto others at a later time. For example,
self-efficacy for leadership development at time 1 can be used to predict motivation to develop
leadership skills at both time 1 and time 2. Likewise, motivation to develop leadership skills can
be used to predict not only participation in leadership development activities at time 1 but also at
time 2. So the relationships among the leadership constructs can be examined when the data are
all collected at time 1. They can also be examined when the data are collected again at time 2 and
the stability and prediction across time can also be tested.

The second set of variables (the traditional/existing constructs) will also be examined in
relation to the leadership variables. These data will also be collected at time 1 and examined in
relation to the leadership constructs at time 1, and also the leadership constructs that are
measured again at time 2. This will also allow prospective prediction by some of the traditional
constructs onto others at a later time. For example, personality can be used to predict self-
efficacy for leadership development measured at both time 1 and at time 2.
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Accomplishments

In the first year (year 1 of a 3-year project), the literature was reviewed to determine the
content of the newly prepared leadership development measures. Forty-seven leadership
attributes were identified. These attributes will be used to collect ratings for leadership
improvability beliefs, self-efficacy for leadership development, and motivation for leadership
development. Corresponding and more generally-worded measures of leadership
development/improvability (as opposed to the development/improvability of specific leadership
attributes) were also created. These measures and the measures for the traditional/existing
personality and employee development variables were then reviewed for wording, scaling, and
formatting. Several iterations and revisions were done. A computerized/ Web version of the
measures was developed and reviewed, and the system was tested to ensure the accurate capture
of responses from the survey to the database. A pilot investigation was then conducted to test the
surveys and the data collection process. Over 271 participants responded to all parts of this pilot

investigation.

In year two, the data from the pilot were analyzed and the instruments examined to
determine if any modifications needed to be made to the measures and Web survey prior to the
full data collection. In this pilot study, in addition to testing the measures and data collection
procedure, we obtained some preliminary findings that nicely set up the full study that is yet to
come. In the pilot study, motivation to develop leadership was empirically distinguished from
motivation to lead. Detailed statistical and psychometric analyses supported the validity of the new
leadership development motivational measures so far. The leadership development constructs
predicted leadership development activity reports better than the leadership measures. Analyses
further suggested that being attracted to leadership for special rewards or extrinsic reasons is
unrelated to the motivation to develop leadership capability, while being attracted to leadership for
intrinsic or social responsibility reasons is significantly related to motivation to develop leadership.
Of three types of leadership skills (task, people, and transformational), transformational was rated
most difficult to improve and participants were least motivated to develop those skills. The results of
the pilot study will be presented at an international conference in April of 2007. Also in year two,
after completing the pilot study analysis and determining that the measures and data collection
procedure had integrity, we then initiated the full study data collection. The full study addresses
predictors and outcomes of the motivational variables in a much fuller and detailed examination
of the variables than in the pilot study, which was relatively limited and focused in nature. In the
full study, our major hypotheses will be tested.

Contributions to Basic Science

There has been a good bit of research on predicting leader performance. However, there
has been relatively little research on predicting leadership development behavior. For example,
while motivation to lead and self-efficacy for leadership have been explored in research, self-
efficacy for leadership development and motivation to develop leadership skills has not. Also,
especially given differing ideas about whether leaders are born or made, there may be differences
in how aggressively and effectively potential leaders pursue the development of leadership skills.
Successful development of leadership skills depends on strong motivation to develop these skills.
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The current research will test a model of leadership development motivation that specifically
targets motivation to develop leadership skills.

A recent research article (Ruvolo, Petersen & LeBouef, 2004, Consulting Psychology
Journal) authored by officers in the U.S. Army is titled “Leaders Are Made, Not Born,” which
strongly reflects the notion that leadership can be developed. Further, there are many examples
of successful leadership training and development programs. However, it is well known that
people differ markedly on their beliefs that leaders are ‘born or made.’ Beliefs that leadership
attributes are innate or fixed and are not acquirable or improvable might be a fundamental belief
that can set the stage for someone’s overall motivation for leadership development. To the extent
that a person believes that leaders are born and not made, this can be a substantial impediment to
optimal motivation for developing leadership skills. This research will explore this belief and the
role that the construct plays in leadership development motivation. In addition, the similarities
and differences between constructs associated with leadership performance and leadership
development will be addressed conceptually and empirically. This includes the distinction
between self-efficacy for leadership vs. self-efficacy for leadership development, and motivation
to lead vs. motivation to develop leadership skills. Differences in the antecedents and outcomes
of these constructs also will be explored to establish their distinct construct validity. These issues
have not been explored previously in relation to leadership development but do have great
theoretical and practical promise.

Potential Army/Military Applications

Developing these new constructs in the leadership domain and establishing the construct
validity of them in basic research could lead to applied research in key areas addressed by ARI.
Generally, this applied research could fall into two categories: individual difference predictive
studies and experimental research in which manipulations are used. First, these constructs and
associated assessment methods, along with traditional predictors such as intelligence and
personality, could be used as predictors of performance, motivation, development and
adaptability in Army training and field settings. To the extent that these measures predict
effectiveness in adapting to leadership roles and learning and developing necessary skills, these
tools might be used in selection and placement within the Army to identify those individuals who
will likely most benefit from leadership training and who are most likely to take initiative to
continually develop and improve leadership relevant characteristics in themselves. These
individual-difference constructs and assessment tools might be explored in applied research for
relationships with key behavioral and performance criteria relevant to leadership and leadership

development and learning in practical Army settings.

There is also a second way that developing these new constructs in the leadership domain
in basic research could lead to applied research in key areas addressed by ARI. Research might
be done on ways of influencing these constructs in Army personnel to improve motivation for
leadership development. Variables such as self-efficacy are subject to enhancement through
mastery experiences, persuasion, modeling or vicarious learning. Self-efficacy for leadership
development might also be influenced through these types of tactics. For example, some research
has manipulated expectations for military personnel and found effects for increasing self-
efficacy. Applied research might be conducted to determine whether self-efficacy for leadership
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development can be influenced, and whether this enhances motivation for development of
leadership skills and subsequent development and performance. Prior research and theory

suggests that this should be possible.

It also should be possible to conduct applied research on ways in which beliefs about
improvability of leadership skills can be influenced. Prior research in settings not involving
leadership and leadership development suggests that implicit theories of ability (beliefs about
improvability of attributes) are susceptible to influence. It should be possible to determine if
influences on beliefs about improvability of leadership skills have a subsequent influence on
motivation to develop leadership skills and attributes as people increasingly believe that it is
possible to develop and improve specific characteristics. Thus, to the extent that these constructs
are developed and validated in this basic research, additional applied research could follow.

Future Plans

In year three, the full data collection will proceed, and when complete, the full data
analysis and interpretation will be done based on all data (time 1 and time 2) as described
previously. A full research report of the findings along with measures and psychometric
properties will be the outcome. Publication of this research in (a) scientific outlet(s) will be

pursued.
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Identifying Individual Attributes and Learning Principles
that Foster Adaptive Performance and Promote Rapid Adaptability Skill
Acquisition Through Multiple Modes of Development

Contract Number: W74V8H-05-K-0004 Contract Dates: 01/15/2005 to 07/31/2007

Institution: George Mason University PI: Stephen J. Zaccaro
Liaison: Robert Pleban, IFRU

Problem(s)/Research Question(s) — What training and development principles produce the
most effective acquisition and growth of leader adaptability skills? What individual attributes
moderate the impact of training and development interventions on adaptability skills, and what
combinations of leader attributes and team processes lead to adaptive performance in today’s
military operational environments?

Technical Barrier(s) — Past theories and models of leadership and team training are inadequate
for understanding how to develop adaptive leaders and teams. Training and developing
adaptability skills for both individual Soldiers and teams requires learning strategies that are
different from those traditionally employed by the Army.

Significance/Impact for Basic Research — The successful completion of this research effort
should contribute significantly to the literature on leader and team development, in particular on
strategies for growing individual and team level adaptability skills through formal instruction,
developmental work assignments, and self-development. We should also add new information to
the small but growing literature on leader attributes patterns and their influence on leader

adaptive performance

Potential Transitions — The products of this research should provide the basis for applied
research and application in various Army leadership training and development programs, such as
those being conducted at Fort Benning and Fort Leavenworth. Other specific applications that
can be explored through future potential DoD SBIRs may include:
e The development of formal training programs that target leader adaptability skills; and
e The refinement and validation of assessment tools that can be used in Army training and
development activities to measure developmental work experiences, learning attributes,
and adaptive performance processes.

Overview

The overall purposes of this research effort are to expand current understanding about the
nature of adaptive leadership, and to explore the most effective ways of developing adaptability
skills through three modes of training — formal instruction, operational assignments, and self
development. We build on prior research to explore the leader attributes that promote
effectiveness as environment conditions become more dynamic and adversarial. The
specification of adaptive leader processes and attributes sets the stage for a consideration of best
practices in leader training and development to foster growth in leader adaptability. Accordingly,
in this research effort we investigate training and development principles that are likely to
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produce the most effective growth of particular leader adaptability skills. We also examine how
these principles vary across different modes of Army leader development.

Prior theory and empirical research has supported the premise that certain forms of
leadership communications, in the form of sense-giving and performance feedback, specifically
process-oriented feedback, contributes to growth in adaptive performance. We are extending this
research to examine the influences of a training design that incorporates (a) a problem centered
approach that utilizes multiple and qualitatively different performance practice scenarios, and (b)
strategies for enhancing the practice of metacognitive thinking and performance regulation skills.
The overall purpose of these training strategies is to enhance the degree to which trainees engage
in greater frame-switching processes when operating environments become more dynamic. We
also are examining and extending these training principles in the context of different training
approaches, including work experiences and self-learning strategies.

This research effort also includes an examination of leader attributes that contribute to
effective adaptive leadership. These personal attributes include such qualities as cognitive
flexibility, self regulation and metacognitive skills, social and emotional intelligence, optimism,
tolerance for ambiguity, and resilience. Relatively little research has examined how these
attributes are integrated and how such integrations are linked to the processes of leader
adaptation.

Research Approach

We have recently completed the second year of the project. In year one of this effort, we
constructed an annotated bibliography of studies on adaptability. We found 74 studies to date
and coded them for the type of method use, and the particular focus of analysis (adaptive
performance, adaptability processes, adaptability attributes, training and development, and
assessment tools). We also coded for level of analysis (individual, leader, and team). We found
representative studies in all of our coding categories, with the fewest studies (10) on the
assessment of adaptability. We also found that additional research was most needed on:

e Predictive validation of linkages in models of adaptability attributes, processes and
performance;

e Validation of assessment tools; and

e Empirical examinations of training designs that focus specifically on the development of
adaptability skills.

We are currently updating the bibliography and preparing a conceptual paper
summarizing our full results. In the first year of this effort, we also completed an experiment that
examined the effects of variability in training practice scenarios on adaptive performance in
teams. Adaptability typically requires a process of “frame-switching™ that results in new and
different ways of examining problems. Accordingly, adaptability training should provide
opportunities to practice such frame-switching. In this experiment, teams completed a decision-
making task (SimCity4), in which they practiced solving a series of three problems. In one
condition, groups received a series of problems in which all three required similar decision
strategies. In another condition, groups received a series of problems in which each required a
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qualitatively different decision strategy. Then all groups were given an adaptive performance
trial that required decision strategies different from all previous trials. Groups were free to make
as many decisions as necessary to solve the key issues in the adaptive performance trial. Possible
decision solutions in this last trial ranged from low to high in their requirements for frame-
switching. This research approach, then, tests the proposed association between one key training
parameter, practice scenario variability, and team adaptability.

In year two of the research effort we completed another experiment (described below),
initiated a third, and initiated several field studies. These are described in more detail below.

Accomplishments

The data from Investigation 1 indicated support for the proposed hypothesis. As Figure 1
shows, the variable scenario practice condition resulted in greater numbers of overall decisions
than the routine practice decisions, but the largest differences were on decisions reflecting
greater frame-switching. The frequency of high frame-switching decisions was also significantly
correlated with a key parameter of overall adaptive performance.

[] Low frame switching
100% [C] Medium frame switching
Il High frame switching

67% 67%

% of groups
making decision

gt
e
e B

Routiné Croups Varible Groups N =30.

Figure 1. Decisions made by groups.

Note: Groups make multiple decisions during the adaptive performance test trial. These decisions vary in
terms of whether they reflect low, medium, or high frame-switching. This figure shows that the largest
differences between the groups were in the number of high frame-switching decisions made by group

members.

We assessed several potential mediators to explain the effects of training practice
variability on adaptive performance, including collective efficacy for dealing with change, and
the accuracy and sharedness of mental models. Groups did not differ significantly on these
variables, suggesting that the primary consequence of practice variability is to prompt the
occurrence of more frame-switching processes during adaptation.
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In the second year of this effort, we completed a second experiment that examined the
role of adaptive self-regulation training in fostering effective frame-switching. In Investigation 1,
all groups had received such training before beginning the practice trials. In Investigation 2. all
groups experienced variability in practice scenarios, but only half of them received adaptive self-
regulation training. In this study we found a pattern similar to Study 1 — groups receiving
qualitative variability in practice scenarios showed greater adaptability in the test trial than
groups not receiving such variability. This effect was somewhat moderated by the receipt of self-
regulation training. Groups that received variable scenarios but no self-regulation training did not
tend to exhibit the same degree of adaptability in the test trial.

Because this moderating effect was modest in size, we are completing two more studies,
one with college students and the other with Soldiers at Fort Benning. Our focus is on sharpening
the self-regulation training and examining in more detail the changes occurring in individual
cognitive processes as these individuals encounter the variable scenarios under high and low
conditions of adaptive self-regulation training. The results of these studies should shed some
light on the role of both training parameters on cognitive processes linked to adaptive
performance. We also are examining the role of individual differences in cognitive flexibility and
metacognitive skills in moderating the proposed effects of training parameters.

In the second year of the project we also (1) completed construction of a survey that
assesses qualities of work experiences proposed as contributing to growth in individual
adaptability skills, and (2) completed the development of tools that can be used in self-learning
programs focusing on leadership adaptability skills. We also developed a constructed-response
assessment of adaptive decision making in complex and dynamic business scenarios. These
instruments incorporate the basic principles of growing adaptability skills that are being
examined in the laboratory studies. We are currently administering these instruments to
managers in a variety of business settings to test the validity of these learning principles, as
operationalized in developmental work assignments and self-development exercises. As part of
these field research efforts, we also are administering measures of individual differences
proposed as being associated with adaptability. '

Contributions to Basic Science

This research effort should provide substantial benefits by enhancing our understanding
of how to train and develop adaptability skills through formal course instruction, as well as
through officer assignments and self-development efforts. This research effort also should
contribute to the growing literature on how different characteristics of leaders are linked in
patterns to influence leader adaptive performance, as well as the leader’s responsiveness to

different training interventions.

Potential Army/Military Applications

Some of the anticipated products of this research effort include training-based assessment
tools and training protocols that can contribute to more effective development of Soldiers and
offices. Several training units, including those at Ft. Benning and Ft. Leavenworth, are interested
particularly in developing more adaptive leaders. We are using a computer-based training
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simulation at Fort Benning to test our hypotheses. We have completed an initial round of data
collection, and have been invited back to collect additional data. If our hypotheses are confirmed,
our experimental design and reprogramming of some of the scenarios in the simulation have the
potential of providing some direct applications for adaptability training to the BOLC programs
offered at Fort Benning.

Future Plans

We expect in the final year of this research effort to:

e Complete data collection and analysis of our third laboratory investigation with
undergraduate students;

e Complete data collection and analysis for our investigation at Fort Benning;

e Complete data collection and analysis of surveys to business managers that measure the
quality of leader work experiences;

e Complete data collection and analysis on the self-development study administered to
direct marketing and sales managers; and

e Complete all data analyses and prepare research reports on each study, as well as a paper
on the conceptual foundations of this research effort.
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BRU RESEARCH OBJECTIVE #3: PROVIDE FUNDAMENTAL
KNOWLEDGE FOR IDENTIFYING, ASSESSING, AND ASSIGNING
QUALITY PERSONNEL FOR THE EVOLVING ARMY

Research in this section is directed toward identifying and measuring
the aptitudes and skills that are unique to the human performance
requirements of the Future Force. Exploring the sociological and
psychological factors that could influence recruitment, retention, and Army
performance are important aspects of this research objective.
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An Interactionalist Analysis of Soldier Retention
Across Career Stages and Time

Contract #: W74V8H-04-K-0002 Contract Dates: 06/01/2004 to 09/30/2005
Institution: Texas A&M University PI: Gilad Chen

Co-PI: Robert Ployhart

Liaison: Michael Rumsey, SARU

Problem(s)/Research Question(s) — How do personal, situational, and temporal factors help
explain retention processes at different career stages?

Technical Barrier(s) — Models of retention have yet to consider dynamic processes leading to
turnover, and whether retention processes might differ at different career stages.

Significance/Impact for Basic Research — Understanding how and why the decision to stay or
leave an organization unfolds over time, and whether personal and situational factors
differentially drive these processes at different career stages.

Potential Transitions — Knowledge gained in this basic research may be usefully employed in:
e RETAIN: Strategies to Retain Quality Soldiers (WP 271);
e Soldier Attitudes and Opinions in a Changing Army (WP 102); and
e SELECT21: Selection, Classification, and Performance Metrics for the Objective Force
Soldier (WP 257) and ATO: IV.HS.2002.01.

Overview

As a result of both the collapse of the former Soviet Union and the horrendous events of
September 11, 2001, the U.S. has engaged in a series of conflicts around the globe, oftentimes
simultaneously. In today’s reality, and probably even more so in the future, the U.S. armed
forces must be flexible and adaptable in their ability to deploy the same troops to qualitatively
different types of conflicts, with vastly different purposes (e.g., dismantling terror and/or drug
networks, homeland defense, peace keeping) and in different geographical locations.
Consequently, the U.S. armed forces have put a high premium on selecting, training, and
maintaining the sufficient human resources required for being competitive in this new global
reality. Furthermore, effective retention has never been as consequential as it is today, given the
high costs involved in attracting, selecting, and training Soldiers.

Unfortunately, current theoretical models of retention provide an insufficient basis for our
understanding of retention in such complex and dynamic work environments. Our research
addresses three limitations of previous retention research:

1. Organizations can enhance retention through management practices directed at creating
more positive work situations, and through staffing practices directed at selecting
employees who would better fit the work environment. Accordingly, the first contribution
of the present research is the simultaneous examination of both person variables
(cognitive ability) and situational variables (social support and work challenge) as

47



predictors of the retention process. In particular, we propose that lower levels of ability
and higher levels of social support and work challenge are associated with more positive
levels of job attitudes, and thus lower likelihood of turnover. We further consider possible
person-by-situation interactions, and propose that the relationships between ability and
Job attitudes are less negative when social support and work challenge are higher.

(8]

There is now a growing awareness that factors that affect work experiences may vary
across career stages, given that employees require and desire different things at different
stages of their careers. In the context of the U.S. Army, for instance, there could be
different reasons why first and second term Soldiers decide to re-enlist. At early career
stages, Soldiers are adjusting to their new military career, and thus social support is
particularly critical. However, at later career stages, Soldiers are more likely to appreciate
and benefit from challenging work assignments. Accordingly, a second contribution of
our research is the examination of whether retention processes are affected by different
factors at different career stages. In particular, we propose that cognitive ability and
social support are more likely to relate to job attitudes and retention at earlier career
stages, whereas work challenge is more likely to relate to job attitudes and retention at

later career stages.

3. Finally, given that employees in many organizations (including the U.S. Army) transition
from one work environment or project to another quite frequently, it is critical to know
whether such transitions are associated with changes in retention decisions as well as in
proximal drivers of retention outcomes (e.g., job attitudes), and whether capturing
particular patterns of change (i.e., growth/increase or decline/decrease) in variables
capturing the retention process can help explain additional variance in turnover. In our
research, we propose that more positive changes in job attitudes are associated with
decreased likelihood of turnover. Moreover, we argue that changes in job attitudes
capture a unique phenomenon different from average levels of job attitudes, and thus
changes in job attitudes should account for additional variance in retention decisions over
and above average levels of job attitudes.

Research Approach

We tested our propositions using field survey data collected by Walter Reed researchers
(called the OPTEMPO project) from over one thousand Soldiers at multiple times over the
course of two years. The survey data were linked to Soldiers’ ability scores, which were
collected during the selection process into the U.S. Army. The surveys captured multiple aspects
of the work environment, including social support (i.e., perceived quality of officer and non-
commisioned officer leadership, co-worker support) and work challenge (i.e., job challenge,
significance of work tasks, and whether Soldiers were in deployment, in training, or in their
garrison base). At each time period, Soldiers also indicated their job attitudes (i.e., job
satisfaction, job involvement, and general morale) and intention to re-enlist with the Army.
Finally, career stage data also are available. These rich data are unique in that they allow us to
capture and explain retention processes as they unfold over time, and at different career stages.
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Accomplishments
Results provided mixed support for the propositions. In particular:

1. First, although cognitive ability did not predict job attitudes or turnover intentions,
situational variables (social support and work challenge) strongly predicted job attitudes,
which in turn predicted turnover intentions. However, no interactions between ability and
situational variables were detected. Thus, the results supported the relationships between
situational variables and turnover intentions, as mediated by job attitudes, but cognitive
ability played no role in these relationships.

2. Second, the data did not support our career stage propositions. Simply put, the results did
not differ for Soldiers at different career stages, as measured by military tenure and rank.

3. Finally, our proposition that more positive changes in job attitudes are associated with
decreased likelihood of turnover was largely supported. In particular, we found that
Soldiers differed in the extent to which their job attitudes improved or got worse over
time, and that those whose job attitudes improved more over time also indicated they are
more interested to re-enlist with the U.S. Army for additional terms.

Contributions to Basic Research

This project contributes to the employee retention literature in several important ways.
First, by integrating person and situation theories of employees retention, this research provided
a more comprehensive picture of the retention process and its determinants. Second, this research
suggested that drivers of retention do not seem to differ across career stages, and thus practices
and principles for retaining employees are likely to generalize across career stages. Finally,
moving beyond the mostly static retention research, this research provided a richer, more
dynamic view of how and why employees’ decisions to stay or leave the organization evolve
over time vis-a-vis their experiences at work. In particular, we showed that employees’ decision
to stay or leave the Army change over time, and corresponds to whether their job attitudes
improve or get worse over time. '

Potential Army/Military Applications

This research has the potential to advance Army/military applications in several ways.
First, given that U.S. armed forces’ selection systems rely heavily on cognitive ability, it is
important to ensure that more-qualified Soldiers (i.e., those higher in ability) are those remaining
in the military. Failing to find reliable relationship between cognitive ability and the retention
process is, in a way, good news; it suggests selecting Soldiers based on cognitive ability will not
be likely to affect retention rates (while, at the same time, help promote the high level of
performance associated with ability). Second, our results that predictors of turnover, particularly
job attitudes and situational variables, do not differ at different career stages suggest that the
same practices directed at retaining Soldiers can be effective at different career stages. Finally,
given that this investigation tracked Soldiers over the course of 2 years as they transition across
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different work assignments (i.e., training or deployment), it helped to better explain the decision
process associated with retention.

In particular, our research showed that, over time, Soldiers’ experiences and attitudes are
shaped by social support and work challenge, and, as these experiences and attitudes improve or
get worse over time, so does the likelihood Soldiers would leave or stay with the military. As
such, our research suggests that leaders need to continuously support and assign challenging and
interesting work tasks to their Soldiers, as doing so would likely help improve their job attitudes
and thus increase the likelihood of retention. Altogether, this research will likely help the
military improve various management programs directed at enhancing retention, and help align
these programs with the military’s staffing strategies.

Final Summary

The results of our study have several implications for how staffing and managerial
practices relate to Soldiers’ decisions to reenlist with the U.S. Army. First, Soldiers’ cognitive
ability did not relate to Soldiers’ job attitudes (work-related morale, satisfaction, and
psychological involvement) and reenlistment intentions. These findings are promising in as much
as they suggest that reliance on ability testing in selecting recruits into the Army would unlikely
in and of itself lead to lower levels of morale, satisfaction and reenlistment rates. Second, we
found that social support and work challenge variables positively promoted job attitudes, and that
job attitudes, in turn, positively related to reenlistment intentions. These results suggest that
leadership and work design practices that enhance social support and job challenge can motivate
Soldiers to reenlist with the Army, because they promote more positive work attitudes. That is,
leaders should motivate Soldiers by simultaneously challenging and supporting them. However,
our final set of findings suggest that, the extent to which job attitudes improve over time also
plays a role in whether or not Soldiers intend to reenlist. These results imply that leaders should
ensure they continuously strive to improve Soldiers’ morale, satisfaction, and involvement, to
enhance chances of Soldier reenlistment.
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Measuring Average Speed of Numerical Reasoning

Contract #: 1435-04-03-CT-74083 Contract Dates: 10/01/2003 to 07/31/2006
Institution: University of Minnesota, PI: Mark L. Davison, Ph.D.
Twin Cities Co-PI: Robert Semmes

Liaison: Michael Rumsey, SARU

Problem(s)/Research Question(s) — Is time-constrained performance within a given cognitive
task domain determined by one ability, called /evel of performance, or by at least two abilities,
level of performance and speed of performance?

Technical Barriers — (a) Undeveloped theory of the cognitive abilities responsible for time-
constrained performance of tasks having non-trivial difficulty; and (b) the absence of valid
models and procedures to measure speed of performance of cognitive tasks having non-trivial

difficulty.

Significance/Impact for Basic Research — If our project is successful, we will report the first
psychometrically valid method for measuring average speed of performance of cognitive tasks
having non-trivial difficulty. Moreover, the most widely accepted model of the structure of
cognitive abilities (Carroll, 1993) will need to be revised.

- Potential Transitions — This research could potentially lead to:

e Improved measures of key attributes that Soldiers need for effective performance in
assignments for which mental quickness and accuracy are important;

e Enhanced predictive validity of the Armed Forces Qualification Test (AFQT), if that test
were modified to measure performance speeds in each of the cognitive domains it
assesses;

e Performance scores that can be used in a model that matches persons to jobs (i.e.,
improved methods for classifying and assigning force members); and

e Improved training programs in areas where mental quickness and accuracy are critical.

Overview

Few would doubt that if each person in a group were assigned a set of non-trivial
cognitive tasks of like kind, then people would vary in how successfully and rapidly they
performed those tasks. Psychologists have known for several decades how to measure validly a
person’s ability to successfully perform a set of non-trivial tasks from a narrow cognitive domain
(e.g., spatial visualization and inductive reasoning)—provided task performance is self-paced.
Relative to a given cognitive task domain, that ability is called level.

On the other hand, there currently does not exist a valid way to measure how quickly a
person successfully performs a set of non-trivial cognitive tasks when strict time-limits for task
completion are imposed. Few psychometricians appear to be aware of this methodological gap,
or even aware that in a given cognitive domain a quickness or speed ability might exist and be
measurable. In part this may be because none of the several dozen (rarely cited) studies
conducted in the 20™ century to measure domain-specific speed abilities were successful.
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Those previous attempts to measure speed abilities in specific cognitive domains failed
primarily because investigators used faulty measurement models. For example, many
investigators employed speed scores that were some function of a person’s collective item
response times (e.g., mean, median, or total). That approach, however, ignores the likely
influences that varying item characteristics have on item response times, much as they do on
binary item scores (right and wrong scores). Some researchers who used this approach also used
both right and wrong answer times when computing speed scores, and thereby assigned speed
scores confounded by extraneous variables such as time taken to guess answers and time taken to
consider and then abandon items. Other researchers tried to adapt classical test theory’s true-and-
error score model to the measurement of speed. But that model-—which was the dominant
psychometric model for most of the 20" century—was, a priori, ill-suited for measuring
hypothetical speed ability. The true-and-error score model postulates that a person’s success or
failure on a cognitive test item, regardless of the conditions of performance, is a function of only
one ability, the person’s so-called frue score in the given cognitive domain.

In this study we will use modern measurement models in an attempt to measure an
average speed ability in the domain of numerical reasoning. More formally, we will test what we
call the speed-level hypothesis: in narrow cognitive task domains, two abilities—speed and
level—determine a person’s success or failure in time-constrained task performance. Our null
hypothesis is that level ability alone determines a person’s success or failure in both time-
constrained and self-paced task performance.

Research Approach

We are conducting a laboratory study wherein we have tested a large sample of
University of Minnesota college students under two performance conditions, self-paced and

time-constrained (“speeded”).

Using numerical reasoning test items drawn from old, published editions of the SAT and
GRE general tests, we constructed two equivalent test forms. Students were randomly assigned
to take one or the other form in a self-paced test session, and then returned one or more days later
and took the alternate test form in a speeded test session. This procedure in effect generated two,
independent samples of students. In the speeded session, each test item bore an assigned time-
limit. Each item’s time-limit was set to the median correct response time computed for the given
item using the self-paced test data of a large initial sample of students. In both the self-paced test
session and the speeded test session, test items were administered one at a time using a personal
computer. Each student’s test sessions were conducted individually in the seclusion of a
relatively sound-proof room. During each session computers recorded the student’s answers and

answer times.

To each of the two samples’ self-paced test data we will fit a measurement model that
postulates that a single ability, level, accounts for students’ binary item scores (right or wrong
scores). The fitted models will furnish us an estimate of each student’s numerical reasoning level

ability.
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The centerpiece of our data analysis consists of our comparing the fit of two competing
measurement models to our subjects’ item scores earned during the speeded test sessions. One of
the models will have the same structure as the one fitted to the self-paced data, and will
incorporate each student’s already-estimated level ability. The other measurement model
postulates that two abilities—level and average speed—account for students’ speeded item
scores. We will confirm our speed-level hypothesis if we find that the two-ability model provides
the better fit to the item scores earned during the speeded test sessions.

Accomplishments

Based on our data analyses to date, the evidence for the speed-level hypothesis is mixed.
We have found that in only one of our two subject samples are item accuracy scores earned
during speeded testing unambiguously a function of two person attributes, one which is level
ability, and the other which almost certainly is an average speed ability. Apparently our rule for
setting item time-limits—for a given item, the median correct response time computed using the
self-paced test data of an independent sample of students—resulted in time-limits for one of our
samples that were too generous to elicit a detectable average speed ability. To measure an
average speed ability in numerical reasoning by modeling the binary item accuracy scores of
persons who vary widely in level ability, one should set at least some item time limits very low—
perhaps as low as the 10™ percentile of the self-paced correct response times recorded for the

item using an independent subject sample.

Modeling correct answer times, rather than binary item scores, may prove to be a more
fruitful approach to measuring speed ability in a given cognitive domain. Because answer times
are measured on a continuous rather than discrete scale, and because all who correctly answer a
given item will inevitably differ in their answer times, correct answer times contain far more
information about a person’s speed of performance than do binary item scores. Using data from
one of our samples, we have successfully fit a speed-and-level model to 40 students’ correct
answer times to four relatively easy items that all 40 students answered correctly. Using the fitted
model, we assigned speed and level scores to each of the 40 subjects. Subsequently we found
that those students’ speed scores, in linear combination with their level scores, performed better
than level scores alone at predicting the percentage of 48 test items that the subjects correctly
answered during speeded testing. There is, however, a difficult technical barrier encountered
when modeling correct answer times. If some item time-limits are short, every subject will miss
at least some items during speeded testing. Speeded testing thus generates a varying number of
missing correct answer times for each subject and each item. Because correct answer times are
not missing at random, in order to reliably estimate each subject’s speed ability, one must first
statistically impute each subject’s missing correct answer times. The methodology for such
imputation is very new, and there is no assurance that a statistically defensible way to estimate
the missing correct answer times can be found. -

To our surprise, in both of our subject samples we identified about a dozen students who
correctly answered a higher percentage of items during speeded testing than during self-paced
testing. Though there are other possible explanations for this phenomenon, perhaps for these
students the challenge of solving numerical reasoning items bearing time-limits boosted their
motivation to succeed over that which they experienced during self-paced testing. The existence
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of such subgroups of people, although they are few in number, suggests that, at least in the task
domain of numerical reasoning, relying solely on a person’s level-ability score could well lead to
erroneous conclusions about the person’s actual capabilities.

Contributions to Basic Research

If we are able to confirm the speed-level hypothesis in the numerical reasoning domain,
then: (a) we will be the first researchers to have validly measured a person’s speed of
performance on a set of cognitive tasks having non-trivial difficulty; (b) we will have
demonstrated that, within a given task domain, the conditions of task performance can strongly
influence what cognitive abilities are measured; (c) we will have found a method to more
completely and accurately summarize a person’s proficiency status within the domain of
numerical reasoning, and if so, we expect that our approach would likely generalize to other
cognitive task domains; and (d) we will have presented strong evidence that the structure of
human cognitive abilities is much more complex than is portrayed by the most widely accepted
factor-analytic models (Carroll, 1993; Gustafsson, 1984); those models are based on global-time-
limit test scores, which confound level ability with any speed ability that may exist for a given
cognitive domain.

Potential Army/Military Applications

Quickness and accuracy in problem solving under emergency or combat conditions is a
highly desirable attribute of any person serving in a command or key technical role in the Army.
The desirability of this attribute increases in proportion to the pace at which technology increases
the volume and speed of communications. However, none of the four subtests that comprise the
Armed Forces Qualification Test (AFQT) provides a measure of performance speed in any of the
domains the AFQT assesses. Rather, all four parts are intended to be tests of power (Russell,
Peterson, Rosse, Hatten, McHenry, & Houston, 2001, p. 77). Having recruits’ speed scores in
addition to their level scores could lead to important improvements in matching recruits to job
specializations, particularly in cases where those persons would need to be able to perform
complex cognitive tasks not just successfully, but rapidly as well.

Future Plans

Our future plans include the following:

e Construct validate speed and level scores generated by factor analytic models. In
particular, compare level and speed scores estimated by modeling binary item scores with
those estimated by modeling correct answer times.

e Separately fit a so-called 2PL IRT model, designed to measure level ability, to item
accuracy scores obtained from self-paced testing and then to item accuracy scores
obtained from speeded testing. Next, compare the ability estimates derived from the two
testing conditions. If the speed-level hypothesis is correct, then the two sets of ability
estimates will not be linearly related.



e Investigate the concurrent validity of subjects’ speed and level scores by fitting
regression models to subjects’ college admission ACT Math scores.

e Investigate imputing missing correct answer times in both samples’ speeded test data. If
overcoming the statistical complications entailed by this effort appear too time-

consuming, we will postpone this research until after we submit our Final Report.

e Estimate the association between numerical reasoning speed and level scores with
gender, handedness, and English as a second language.
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Modeling the Strategic Role of Basic Emotions with Cellular Automata

Contract #: W74V8H-05-P-0005 Contract Dates: 01/01/2005 to 04/31/2006
Institution: State University of New York, PI: Craig DeLancey
Oswego

Problem(s)/Research Question(s) — Under what conditions are emotional behaviors that in the
short term may appear irrational (particularly retribution in anger and flight in fear), rational or
beneficial for an individual or his or her group?

Technical Barrier(s) — Ethical and technical difficulties, along with prohibitive costs, create
significant impediments to human subject research that induces and observes anger, fear, and
other emotions in controlled situations.

Significance/Impact for Basic Research — The research provides both a model and a new
explanatory framework to help us understand how some complex emotional behaviors evolved
and how they can be beneficial or detrimental in both individual and social contexts. This can
provide predictions for practical, more focused human subject research.

Potential Transitions — Knowledge to be gained in this basic research may be usefully
employed in studies including but not limited to:

e ATO III.LHS.2004.01 — Accelerating Leader Development (WP 269 & 285);

e LEADERSHIP: Developing Leaders in a Changing Army (WP 103); and

e Assessing and Developing Leaders for Special Operations Units (WP 218).

Overview

The goal of this research is to develop a model of the minimal conditions for certain
kinds of emotional behaviors—particularly flight in fear and retribution in anger—to arise in a
social group and to be beneficial for an individual or for that group. The model also makes
predictions that can be tested in future empirical research, including empirical research with

humans.

Emotions often motivate behaviors that are essential for our survival, but sometimes they
can lead to behaviors that appear irrational. Some of these seemingly irrational behaviors may in
fact be irrational, but others may be behaviors that on balance benefit us if we understand them
in the right context. We have as of yet little ability to distinguish these cases, or when they are
likely to happen. Important tools for predicting and evaluating the decision making of individuals
have been developed in economics and related fields of inquiry. In general, these tools are based
on the assumption that individuals are rational agents who evaluate the expected outcome of their
available choices, and then make choices that lead to their most immediate expected benefit.
However, actual empirical research into human decision making reveals that there are common
and consistently-occurring forms of behavior inconsistent with a simple interpretation of these

kinds of theories.
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An early and surprising result of experimental economics was the discovery of an
unpredicted and seemingly irrational behavior in Ultimatum Games that appears to be caused by
anger or another retributive affect (Roth, 1995). An ultimatum game is a situation in which one
individual (the “proposer”) is given some utility (typically money) and that agent must decide
how to share this utility with another agent (the “receiver”). The receiver has no say in the
distribution, but can decide to “veto™ the offer, resulting in neither individual getting anything.
Traditional economic and game theoretic models predict that the receiver will never exercise
veto, but will rather accept any offer greater than zero, since something is better than nothing;
and predict that the proposer agent, knowing this, will always distribute as little positive value as
allowed in the game, and retain the rest.

However, in actual experimental tests with human subjects, the veto is frequently used by
receivers in response to low proposals, and proposers typically offer nearly even division of
utility—even in one-shot anonymous interactions. Thus, it appears that people often prefer less
utility for themselves in order to punish others whom they perceive as making unfair
distributions; and it appears that others know this and plan accordingly. One interpretation of this
behavior is that individuals in the role of the receiver undertake retributive behaviors because
they are angry. It is a likely hypothesis that such behavior may be rational in the long-term if it
tends to enforce more equitable distribution for either that individual or his or her kind or
offspring. Similar kinds of seemingly irrational, but rational behaviors may arise from fear.

The general notion that emotions have a special role to play in strategic action has
received growing confirmation in a range of other sciences. Neuropsychological studies of
ultimatum game performance have confirmed the role of brain substrates of emotion in
ultimatum games and other kinds of games (Sanfey et al., 2003; Montague and Berns, 2002).
Emotional deficits arising from brain damage have been identified that result in poor gambling
and strategic choice behavior (Anderson et al., 1999; Bechara et al., 1994). The neural substrates
of fear have become well understood (Panksepp, 1998, LeDoux, 1984), and the effect of fear on
attention and other capabilities required for decision making are increasingly being investigated

(Bishop et al., 2004).

However, progress in psychology and neural sciences fails to address two important
features of the role of emotions in strategic action. First, existing models typically have no way
to account for a benefit of emotional behaviors that stretches across games, or that influences the
social context that in turn determines the structure of future games. For example, one utility of
retributive behavior may be to enforce social conventions (such as fairness in various
distributions) that benefit on average the individual in question. Exploring such a possibility
requires some modeling of social interactions over both a range of games, but also in a context
where behavior shapes future interactions. Second, there is insufficient attention to the complex
social interactions that such emotions may require. We may need to explain the role and utility of
a basic emotion in an agent’s action not only in terms of how it may have utility to the agent
either immediately or by helping to maintain certain social conventions from which the agent
benefits, but also in terms of how the display of the emotion affects other agents.

Experimental conditions and existing models are not yet able to address such
possibilities. Furthermore, we cannot expect psychology or neural sciences to explore these
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problems in the near term with animal-subject experiments or human-subject experiments,
because the requirements of appropriate experiments are prohibitive. It is very difficult to induce
fear, anger, and other emotions reliably and with controlled and significant intensities in subjects.
It is even more difficult to induce such emotions in only selected subjects in groups. Finally, it is
cost-prohibitive to generate sufficient test cases to control for the large error one can expect in
subject interactions because of their inherit complexity. For these and other reasons, the strategic
role of basic emotions will remain intractable to human and animal experiments for some time to

come.

Research Approach

The project uses a technique called genetic algorithms to develop and test possible
strategies that simple agents may use in a range of games or simple strategic situations. This
technique allows for the evolution of solutions to very complex problems. In this technique,
strategies compete with each other, and how well a strategy does in comparison to other
strategies determines how likely that strategy is to have “offspring”—that is, be the model for
future identical or slightly altered strategies.

The problems answered in this case were concerned with when it is beneficial to adopt
flight or retributive behavior even when such behaviors appear inconsistent with our standard
notions of rationality. A series of hypotheses about the conditions for the evolution of such
behavior were tested against various games (strategic situations) and various capabilities for the

agents.

We also introduced a new explanatory model into evolutionary game theoretic
explanation. We considered the possibility that agents might confront different types of games
that include similar kinds of interactions, and that an agent might develop a strategy for a game
that has highest overall benefit and then apply this strategy to other similar games. This form of
explanation provides an especially compelling form of explanation for human performance in the

Ultimatum Game.

Accomplishments

Our simulations confirmed our hypotheses that retributive behaviors that lack short term
benefits can evolve (win out as strategies against other alternative strategies) in a population of

interacting agents.

Our primary model is a reputation-building model of altruistic retribution, which we call
the “Reputation Game.” In this model, simple agents interact with each other playing games of
distribution. Each agent has just five parameters. Four of these parameters are coded as five-bit
binary strings, interpreted as representing values of 1-32 with standard binary interpretation (and
the addition of 1). Each of these four parameters freely evolved (that is, the first generation had
random values for each bit value for each individual, and then each generation is allowed to
compete to have “offspring,” using standard genetic algorithm approaches of sexual reproduction
with mutation). These parameters are: primary proposal, rejection-count threshold, secondary
proposal (these three parameters apply when the agent is a proposer), and minimal acceptable
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proposal (the sole relevant evolving parameter when this agent is a responder). The fifth
parameter is the rejection count, which is a simple integer: this value begins as zero, and during a
mock game play phase of thirty-two games as a responder, this value is incremented each time
an agent rejects an offer. This can be thought of as the agent’s reputation, announced at the
beginning of a round, when the agent is playing the role of responder. During the actual game
play phase, games are played by each agent as a proposer, against some randomly selected other
agents in the population. In each game, the proposer can see the rejection count of the responder.
If the responder’s rejection count is greater than the proposer’s rejection-count threshold, the
proposer will use his or her secondary proposal. Otherwise, the proposer uses his or her primary
proposal. This proposal is then communicated to the responding agent. When playing as a
responder, the agent will reject any offer not greater than or equal to that agent’s minimal

acceptable proposal value.

This simulation evolves a stable strategy of both offering and expecting more equitable
distributions in the Reputation Game. Figure 1 shows the mean population primary and
secondary proposal values for 5,000 generations, normalized to range from O to 1. The typical
population, after 300 generations, has both mean primary and secondary proposal values of 28%
of utility. The population mean minimal accept value settles near 21% of utility.

The simulation confirms that a reputation for punishment leads to a more equitable
distribution of utility in games played with those who have a reputation for retribution, but it also
shows that primary proposals (those made to agents without a reputation for retribution) also
evolve in the population towards more equitable distributions in line with human performance. A
simplistic expectation for the simulation might be that agents will evolve the lowest possible
primary proposals, but higher secondary proposals. This way, they could make equitable
proposals to retributors but low proposals to those without a reputation for retribution. Instead,
the population means for both the primary and secondary proposals quickly evolve towards a
more equitable value. As agents begin to evolve high secondary proposals, it becomes in the
interest of agents to develop a reputation over time for rejecting low proposals. This creates the
opportunity for there to be offspring with higher minimal accept values. This also in turn creates
a general environment where offspring are facing fewer low proposals; so many agents with
higher minimal accept values will not reject many or any proposals and will not then develop a
reputation for retribution (their rejection-count will be low or zero). The result is that reputation
building helps not only agents that reject frequently but also benefits the entire population. The
reputation for rejecting low proposals, in other words, starts to cast a halo over the whole
population, as even those with very few or no rejections come to have higher accept values and
other agents make higher primary proposals because their ancestors found it beneficial to avoid
rejections. Agents have an “interest” in testing the rejection threshold of other agents, and this
explains the wide standard deviation.
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Figure 1. Population mean values for Reputation Game.

Our hypothesis is that an Ultimatum Game could be seen as a kind of approximate
instance of this Reputation Game. The Reputation Game is one shot but not anonymous; an
anonymous interaction is an interaction where the proposer knows nothing of the responder’s
rejection history. If we interpret this as the anonymous responder having, from the perspective of
the proposer, a rejection history of zero (or, alternatively, any rejection history), then the
proposer will be offering a mean value around 9 out of 32. This is 28% of the utility. Camerer’s
summary of Ultimatum Game findings shows a mean proposal typically ranging from 30% to
40% (Camerer, 2003). Furthermore, the population mean minimal acceptable proposal value
tends towards 21% of the utility. Camerer’s summary found that offers below 20% were rejected
about half the time, whereas offers closer to 40% were rarely rejected. Thus, if we interpret
Ultimatum Game performance as an application of the dominant Reputation Game strategy to
the Ultimatum Game, these findings are close to human performance.

This model has on its side both plausibility and parsimony. It is plausible that human
beings and their ancestors often interacted with the same individuals in non-anonymous
situations, and that reputation building can play a role in the social benefits of retribution, so that
something like the Reputation Game is more common and more important to humans than the
Ultimatum Game. The strategy that agents use in Ultimatum Games would thus be a strategy that
evolved or developed in response to something like Reputation Games; then this strategy is
applied in Ultimatum Games because Ultimatum Games can be interpreted as an instance of
Reputation Games. That is, there is a strategy in the Reputation Game that can be interpreted as a
strategy for an Ultimatum Game—in our case, interpreting the lack of retribution history as
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equivalent to a retribution history of zero (or any arbitrary value). Thus, the model can offer an
explanation of human Ultimatum Game performance with no additional hypotheses.

Our explanation of human Ultimatum Game performance thus introduces a novel
principle: the interpretation of a game as an instance of a more common game for which the
agent has an existing strategy. The kind of evolutionary game theory explanation simulated here
is neutral regarding whether it describes a strategy that is inherited or culturally transmitted, but
depends upon the presumption that agents acquire and retain a strategy in a way resistant to
immediate learning. The ancestors of human beings lived in socially rich environments where
most strategic interactions were with known individuals with whom one was likely to interact
again in the future. It is for this reason that we assume that the Reputation Game is much more
representative of a typical human interaction than is an Ultimatum Game. The model is neutral
regarding whether the evolution of the strategies is realized through inherited structures, or
cultural transmission of behaviors, or any other form of transmission. Rather, all that is supposed
by the model is that strategies are repeated and variations of them attempted, and the strategies
that are reproduced tend to be those that beat out other strategies. Consistent with this form of
explanation, once a strategy is adopted by an agent, it may be the sole strategy that the agent uses
throughout all game play in the Reputation Game and similar games or approximate instances.
That is, there is no reason to suppose that the evolution of strategies is occurring within any
particular agent; the more simple application of the model is that each agent is using one
strategy. This allows the model to explain behavior in various instances: Immediate learning is

not a factor in the explanation.

This explanation is consistent with a growing body of evidence concerning human
emotions. An important feature of anger and other motivations is that many of our emotions
appear revision resistant; that is, unlike the kinds of preferences that economists typically study,
they cannot easily be altered. For this reason a number of economists have argued that emotions
can act as special commitment mechanisms, enforcing behavior that would otherwise be less
likely to occur (Frank, 1989; Hirshleifer, 1984). Consistent with this, neural scientists have
uncovered a growing body of evidence that some emotions and other forms of preferences are
significantly independent of our abilities to consciously process information (Zajonc, 1968;
Kunst-Wilson and Zajonc, 1980; Ohman, 1988; Ohman et al., 1989; Ohman and Soares, 1993,
1994). An inherited pancultural disposition could behave in this way, and remain, because its
resistance to revision was not harmful or was even beneficial. Finally, many species of
organisms have invested significant resources into the ability to display threats, suggesting that
the role of making credible threats is an important survival skill. Organisms find it worthwhile to
expend energy to create displays meant to convey their ferocity and willingness to fight. Lions
growl, dogs bare their teeth, birds inflate themselves to exaggerate their size, and so on. These
displays may be interpreted as attempts to create and convey a reputation of being willing to
retribute, avoiding some conflicts but also in some cases perhaps earning more equitable
treatment from other conspecifics. These findings are consistent with the idea that anger acts as
an inherited disposition to retribute, that we benefit from communicating this disposition, and
that we may act on this disposition even in cases where the benefits of reputation are lost because

the disposition is not easily revised or controlled.
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Contributions to Basic Science

The project provides a new model of altruistic retribution and extends standard game-
theoretic or decision-theoretic approaches. The interpretation of the primary model suggests
several new areas for future empirical human subject research. First, the model of retributive
reputation building predicts that over very many anonymous interactions, less equitable
distributions of goods would come to dominate. This could be tested empirically. Second, the
model predicts that certain forms of rational control of emotion (those inconsistent with the
primary inherited function of the emotions) will be difficult, and this is because of a biologically
inherited resistance to reason that is beneficial to the individual. Finally, the model introduces a
novel explanatory tool for evolutionary game theory: the interpretation of a game as being an
instance of a more common and general game.

Potential Army/Military Applications

These results suggest that fear and anger must be recognized as inherited strategies in
order to be effectively managed. These basic emotions resist rational control not because they are
some kind of biological left-over which has not become amenable to our rational abilities—as if
they were a kind of appendix of the mind. Rather, they resist rational control because it is part of
their essential benefit to do so. This benefit is seen in at least two ways.

First, short-term and seemingly irrational behaviors that signal and establish a reputation
for retributive anger can be an important way to make credible threats. It is necessary, that is, for
anger to resist reason in order for it to allow certain kinds of credible threats. The same is likely
true of fear also. For example, fear could serve to allow an individual to make credible threats of
defection even in the face of serious (deferred) penalties.

Second, anger and fear may have a natural inherited tendency to resist rational control for
the very reason that fitness and rationality can diverge. It might be irrational, given someone’s
beliefs, to avoid a dangerous situation (e.g., he or she may sincerely believe that some action is
more important than the expected threat to his or her life the action will cause), but it may still be
biologically fit for that person to avoid the action. Thus, for example, fear may in part resist
rational control because this has been sufficiently fitness improving.

Recognizing these facts can ensure that it is understood that these emotions are
inevitable, and cannot be managed through direct rational argument. Rather, these are inherited
strategic benefits that must be considered as universal elements of human social interaction
between groups and between individuals within a group.
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A Valid, Culture-Fair Test of Intelligence

Contract#: W74V8HO05K 006 Contract Dates: 11/15/2004 to 12/31/2006

Institution: Case Western Reserve University PI: Joseph F. Fagan
Liaison: Peter Legree, SARU

Problem(s)/Research Question(s) — Can a racially unbiased test of the ability to process
information predict how well young adults will succeed in college classes?

Technical Barrier(s) — Current theories of intelligence are based on an assumption that all those
taking IQ tests have had equal opportunity for exposure to the information being tested. Thus,
past efforts to develop an intelligence test that is culture-fair have not been successful.
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